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Highlights

Trends in National R&D Performance

U.S. R&D expenditures continued to rise in 2008, out-
pacing the overall expansion of the nation’s economy.

4 NSF estimates that overall spending on R&D conducted
in the United States was $398 billion (current dollars) in
2008, up from $373 billion in 2007. This increase repre-
sents growth in 2008 of 6.7% over the 2007 level, or 4.5%
in inflation-adjusted 2000 dollars. However, this 2008
figure may not fully reflect the effects of the downturn in
U.S. and global economic conditions that intensified in
late 2008.

4 National R&D spending has increased mostly uninter-
rupted since 1953. Over the past 20 years, growth in R&D
spending has averaged 5.6% in current dollars and 3.1%
in constant dollars—somewhat ahead of the average pace
of GDP growth over the same period (in both current and
constant dollars).

The business sector accounts for most U.S. R&D perfor-
mance and funding.

4 The business sector performed an estimated $289 billion
of R&D in 2008, or 73% of the U.S. total, drawing on
both business and federal sources of R&D support. The
business sector itself provided an estimated $268 billion
of funding for R&D in 2008, or 67% of the U.S. total;
almost all of it supported R&D performed by business.
Over the past 5 years, expanded business spending has
accounted for much of the nation’s R&D growth.

4 The academic sector is the second-largest performer of
U.S. R&D, an estimated $51 billion in 2008, just under
13% of the U.S. total.

® The federal government is the second-largest funder of
U.S. R&D, providing an estimated $104 billion, or 26%
of the U.S. total in 2008.

U.S. R&D is dominated by development expenditures,
largely performed by the business sector, and most basic
research is conducted at universities and colleges.

4 In 2008, basic research was about 17% ($69 billion) of
the U.S. total, applied research was about 22% ($89 bil-
lion), and development was about 60% ($240 billion).

4 Universities and colleges historically have been the main
performers of U.S. basic research, an estimated 56% of
total U.S. basic research in 2008. The federal government
has been the prime source of basic research funding, ac-
counting for 57% of the nation’s total in 2008.

4 The business sector, which currently accounts for more
than half of all U.S. applied research funding, spends
more than four times as much on applied research as on
basic research.

4 Development in the United States is chiefly a business
sector activity, which performed 90% of the total devel-
opment in 2008 and provided 84% of the funding. Most
of the rest of development funding is provided by the fed-
eral government.

Location of R&D Performance

R&D is geographically concentrated, and states vary sig-
nificantly in the types of research performed within their
borders.

4 In 2007, the 10 states with the greatest R&D expenditure
levels accounted for 64% of all U.S. R&D expenditures.
California alone represented 22% of U.S. R&D—triple
that of Massachusetts, the next highest state. New Mexi-
co, Massachusetts, and Maryland had the highest R&D-
to-GDP ratios in 2006. California ranked seventh in
R&D/GDP intensity.

¢ Massachusetts, Illinois, California, and Texas accounted
for about two-thirds of the R&D performed by computer
and electronics products companies in 2007; New Jersey,
Connecticut, and Pennsylvania are the leaders in chemi-
cals manufacturing, accounting for 41% of the R&D in
that industry.

4 Nationally, small companies (defined as having from 5 to
499 employees) perform 19% of the nation’s total busi-
ness R&D. The R&D performance of these small com-
panies is concentrated geographically. Among the top 10
business R&D-performing states, New York and Califor-
nia had the highest totals of small companies performing
business R&D, with 23% and 20%, respectively.

Business R&D

Business sector R&D rose to its highest level in 2007. Al-
though 2008 projections show additional growth, they do
not reflect the effects of the U.S. economic downturn.

¢ R&D performed by the business sector is estimated to
have reached $269 billion in 2007 and is projected to have
increased to $289 billion in 2008.

4 The company-funded R&D-to-sales ratio of companies in
all industries performing R&D in the United States varied
between 3.2% and 3.4% during 2003—-06; in 2007 it was
3.5%.

4 Over three-fourths of business R&D is performed in six
business sectors. The R&D-to-sales ratio for these sectors
as a group was 8.0% in 2007, compared with 1.4% for all
other business sectors.
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Federal R&D

Federal R&D spending continued to grow in recently
proposed and enacted budgets and received further in-
creases through the American Recovery and Reinvest-
ment Act.

4 Budget appropriations for federal spending on R&D in
FY 2009 totaled $147.1 billion (current dollars), an in-
crease of $3.3 billion (or 2.4%) over the enacted FY 2008
spending level. The proposed overall increase for FY
2010 is smaller (0.4%).

¢ However, the American Recovery and Reinvestment Act
(ARRA) of 2009 included a one-time additional increase
in R&D funding that is estimated to total $18.3 billion in
FY 2009.

4 In the FY 2009 budget, increases in R&D funding were
greatest for the National Institutes of Health (NIH), the
Department of Energy (DOE), and the National Science
Foundation (NSF). Along with the National Aeronautics
and Space Administration and the National Institute of
Standards and Technology, these agencies also received
the largest increases from ARRA.

4 Defense continues to be the largest function in the federal
R&D budget. It accounted for 59% of the federal total
(budget authority) in FY 2008.

4 The most dramatic change in national R&D priorities
over the past 25 years has been the large rise in health-
related R&D, which grew from 25% of the federal nonde-
fense R&D budget in FY 1980 to 55% in FY 2005. In FY
2008, health accounted for 52% of the nondefense R&D
budget.

Federal R&D Tax Credit

4 Along with direct funding of R&D, the government also
promotes the conduct of R&D through tax incentives.
About 11,000 U.S. companies claimed an estimated $7.3
billion in federal research and experimentation tax credits
in 2006, compared with $6.4 billion in 2005.

International R&D Comparisons

Many countries conduct R&D, but much of global R&D
performance continues to be concentrated in a few high-
income countries and regions.

¢ Worldwide R&D expenditures totaled an estimated
$1.107 trillion in 2007 (the latest year for which data are
available). The United States accounted for about 33% of
this total. Japan, the second-largest performer, accounted
for about 13%. China was third, at about 9%. Germany
and France, respectively, fourth and fifth (and the largest
performers in Europe), accounted for 6% and 4%, respec-
tively. The top 10 countries (also including South Korea,
the United Kingdom (UK), the Russian Federation, Can-
ada, and Italy) account for almost 80% of current global
R&D performance.

¢ 45

4 The 27 nations of the European Union (EU-27) accounted
for about 24% of global R&D. R&D by the EU-27 grew
at an average annual constant dollar rate of 3.3% between
1997 and 2007. By comparison, the U.S. pace of growth,
on the same basis, averaged 3.3%.

4 Recent growth in R&D expenditures has been most dra-
matic in China, averaging just above 19% annually in
inflation-adjusted dollars over the past decade.

Wealthy economies generally devote larger shares of
their gross domestic product (GDP) to R&D than do less
developed economies.

4 The U.S. R&D/GDP ratio was 2.7% in 2007 and has fluc-
tuated between 2.6% and 2.8% over the past 10 years,
largely reflecting changes in business R&D spending. In
2007, the United States ranked eighth among the econo-
mies tracked by the OECD; Japan, South Korea, and sev-
eral smaller developed economies had higher ratios.

4 Among the major European R&D-performing countries,
Italy (2006) and the Russian Federation (2007) had R&D/
GDP ratios of 1.1%. The UK ratio was 1.8% in 2007, and
those of France and Germany were 2.1% and 2.5%, re-
spectively, in 2007. Canada’s R&D/GDP ratio was 1.9%
in 2007. Over the past 10 years, these ratios were stable
or changed only modestly.

¢ R&D/GDP ratios increased substantially in Japan, South
Korea, and China over the past 10 years. The Japanese
and South Korean ratios were among the highest in the
world in 2007, at 3.4% and 3.5% respectively. China’s
ratio remains relatively low, at 1.5%, but has more than
doubled from 0.6% in 1996.

Among the countries with the largest R&D expenditures,
the business sector accounts for the bulk of total R&D
performance.

4 Among the top 10 countries for R&D expenditures, the
business sector is the largest R&D performer, ranging
from 77% for South Korea and Japan to 49% for Italy.

4 No single industry accounted for more than 18% of total
business R&D in the United States in 2007; many other
countries displayed much higher industry and sector con-
centrations.

4 The pharmaceuticals industry accounts for more than
25% of business R&D in Denmark and the United King-
dom, and more than 20% in Belgium and Ireland. The
computers, office and accounting machines industry
represents only a small share of business R&D in most
countries; only Japan reports a double-digit concentration
of business R&D in this industry. The service sector ac-
counted for 30% or more of all business R&D in many
countries of the Organisation for Economic Co-operation
and Development (OECD), including the United States.
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R&D by Multinational Companies

Multinational companies (MNCs) represent a substantial
component of U.S. R&D. Overseas R&D by U.S. MNCs
reflects gradual changes in their geographic focus.

¢ Majority-owned affiliates of foreign-based MNCs spent
$34.3 billion on U.S. R&D in 2006, up from $31.1 billion
in 2005. Their U.S. R&D expenditures have grown faster
than total U.S. business R&D and have represented about
14% of U.S. business R&D since 2003, up from the single
digits in the early 1990s.

4 U.S. MNCs performed $216.3 billion in R&D worldwide
in 2006, including $187.8 billion in the United States
by parent companies and $28.5 billion by their overseas
affiliates. The R&D by MNC parents represented 87%
of their global R&D and about 76% of total U.S. busi-
ness R&D. Both shares have changed little in recent
years. However, the geographic distribution of R&D by
their overseas affiliates is gradually reflecting the role of
emerging markets.

4 Europe, Canada, and Japan accounted for a decreasing
share of R&D by overseas affiliates of U.S. MNCs, repre-
senting 90% in 1994 and 80% in 2006. Over the same pe-
riod, the share performed in Asia (excluding Japan) rose
from 5.4 % to 13.5%, driven by affiliates’ R&D spending
in China, Singapore, and South Korea.

4 R&D performed by U.S.-owned affiliates located in Chi-
na and India increased from less than $10 million in each
country in 1994 to $804 million and $310 million, respec-
tively, in 2006. Although the 2006 levels for China and
India represented only about 3% and 1%, respectively,
of total overseas R&D by U.S. MNCs, funding levels in
some lower cost locations may still be significant from
the perspective of purchasing power.

Technology and Innovation Linkages

Federal agencies and laboratories continue to engage in
collaborative and technology transfer activities. Busi-
ness increased its R&D funding to contractors within the
United States.

@ Federal agencies participated in more than 7,000 formal
Cooperative Research and Development Agreements in
2007 and more than 9,000 less formally structured collab-
orative R&D relationships. Federal agencies issued more
than 1,400 patents in 2007 and held more than 10,000
active licenses based on their total stock of intellectual
property.

4 Businesses in the United States reported contracting out
an estimated $19.0 billion in R&D to other U.S.-located
companies in 2007, compared with $12.4 billion in 2006.
This increased the ratio of contracted-out R&D to com-
pany-funded and company-performed R&D from 5.5%
in 2006 to 7.8% in 2007. For manufacturers, the ratio
reached 8.5% in 2007, up from 5.7% in 2006.

International trade in R&D services and technology
alliances indicate the role of external sources and co-
operative arrangements aimed at acquiring or jointly
developing new knowledge.

4 In 2007, the United States maintained a trade surplus in
research, development, and testing services of $3.3 bil-
lion. Trade within MNCs dominates these statistics—
which is not surprising, given their large role in U.S.
R&D performance.

4 Almost 900 worldwide business technology alliances
were established in 2006, approximately two-thirds of
which involved at least one U.S.-owned company regard-
less of location. Since 1999, the proportion of U.S.-for-
eign alliances has surpassed U.S.-only alliances, a change
driven by rapid growth in alliances with European com-
panies. However, in 2006 the number of U.S. alliances
with Asian non-Japanese partners (50) reached parity
with U.S.-Japan alliances (54), reflecting growth of the
former since 1990.
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Introduction

As we come to the end of the first decade of the 21st
century, global economic trends are leading governments
of most nations to implement financial market support
measures and economic recovery packages. These policies
often include measures to stimulate productivity, growth,
and innovation through support of R&D—widely viewed
as a long-term contributor to economic growth and national
competitiveness.

The importance accorded to investment in R&D and
innovation in public policy discussions is reflected in the
national and international initiatives that help us better
understand and measure their results. The America COM-
PETES Act (Public Law 110-69) and the American Recov-
ery and Reinvestment Act of 2009 (Public Law 111-5) both
address the importance of the U.S. innovation system for
national economic growth.

¢ 4-7

Federal statistical agencies seek to incorporate R&D in
the system of national accounts to measure, for example,
its relation to gross domestic product (GDP) and produc-
tivity growth. These agencies are also exploring the role of
cross-border investment in R&D and other intangibles. The
National Science Foundation (NSF) is conducting a new
Business R&D and Innovation Survey to collect a broad
range of indicators that will form a platform for future mod-
ules on innovation. (See sidebar “New U.S. Business R&D
and Innovation Survey.”)

An ongoing project conducted by the Organisation for
Economic Co-operation and Development (OECD) to design
an Innovation Strategy examines how changes in the innova-
tion enterprise of OECD member nations may affect their
ability to achieve certain government and socioeconomic
goals. Concurrently, the OECD, United Nations Statistical
Commission, and other international bodies are collaborat-
ing to update or develop statistical manuals on intangibles,

New U.S. Business R&D and Innovation Survey

To better understand how R&D is conducted in today’s
innovation- and global-based economy and to investigate
ways to improve NSF’s portfolio of R&D measurements,
NSF commissioned a study by the National Research
Council’s Committee on National Statistics (CNSTAT)
in 2004. The committee published its findings in the 2005
report Measuring Research and Development Expendi-
tures in the U.S. Economy (NRC 2005a). The essence of
CNSTAT’s concerns and recommendations centered on
the finding that a new, more comprehensive survey was
needed to “keep up with the fast-changing environment
for the conduct and organization of research in the private
business sector” (NRC 2005a, p 4).

In early 2009, NSF and the U.S. Census Bureau
launched a new Business R&D and Innovation Survey
(BRDIS). The survey covers manufacturing and service
companies and includes questions on a broad range of
R&D topics (listed below). The survey also begins to
collect innovation data, with the ultimate objective of
increasing the number and breadth of innovation-related
items in the future.

4 Financial measures of R&D activity:
* Domestic and worldwide sales and revenue
» Detail on domestic and worldwide R&D activity

» Company R&D expense by business segment, type
of expense, and location (state and country)

 Capital expenditures for R&D (buildings, software,
equipment)

* Projected R&D expense

4 Measures of company R&D activity funded by others:
» Funds for worldwide and domestic R&D activity

* R&D funded by others—by business segment, type
of organization, type of expense, state, and location
(domestic vs. foreign)

4 Measures of R&D employment:

* R&D headcount (domestic and worldwide) by oc-
cupation and sex

» Number of U.S. R&D employees working under a
visa (H-1B, L-1, and so on)

* R&D full-time equivalent counts
4 Measures related to R&D management and strategy:
* R&D partnerships

* Share of R&D for the social sciences, new business
areas, and specific applications

¢ Measures of intellectual property (IP), technology
transfer, and innovation:

 Participation in activities to introduce new or sig-
nificantly improve existing goods, services, meth-
ods of production and distribution, or support
systems

+ Patent-related data-number owned or applied for

+ Participation in specific technology transfer activities
» Importance of types of IP protection

» Licensing to outside parties

For more information on the new survey, see NSF/
SRS (2008b).
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national economic accounts, and trade in services. The pur-
pose of these efforts is to better harmonize data that will
serve as future indicators for measuring innovation.

Chapter Organization

This chapter is organized into seven main sections. An
overview of national trends in the performance and funding
of R&D is followed by a discussion of state-level R&D pat-
terns and trends. A third section covers business, the largest
performer and funder of U.S. R&D. This section is followed
by a discussion of the patterns of federal government R&D,
including how those patterns play out in the defense, energy,
and health arenas, and concludes with federal tax incentives
for business R&D.

The last three sections of the chapter cover international
comparisons of R&D, investments by multinational com-
panies (MNCs), and technology and innovation linkages,
respectively. International comparisons of R&D include na-
tional R&D expenditures by performer and source, national
R&D intensities, and government R&D priorities. The sec-
tion devoted to MNCs covers overseas investments of U.S.
MNCs and U.S. R&D by foreign-owned companies. Al-
though global R&D is concentrated in a few developed coun-
tries or regions, China and other emerging Asian countries

have increased their R&D expenditures and have become
hosts to R&D conducted by U.S. MNCs. The last section
covers business-to-business external sourcing, technology al-
liances, and international transactions in R&D services. The
latter represents the convergence of service-oriented R&D
and global innovation networking. This section concludes
with a discussion of innovation-related federal programs and
activities aimed at technology transfer, R&D, and new tech-
nology development and deployment by small firms.

Trends in National R&D Performance

R&D, along with other social, economic, and techno-
logical factors, creates new knowledge and contributes to
innovation and the introduction of new goods, services,
processes, and managerial practices. Suppliers and users of
R&D include businesses, educational institutions, not-for-
profit research organizations, and governments. Statistics on
R&D expenditures reported by performing and funding or-
ganizations are used as metrics throughout the United States
and internationally.! (See sidebar “Definitions of R&D.”)

NSF estimates indicate that overall spending on R&D
conducted in the United States was $397.6 billion (current
dollars) in 2008, up from $372.5 billion in 2007 (table 4-1).
This represents growth of 6.7%, or 4.5% in inflation-adjusted

Definitions of R&D

R&D. According to international guidelines for con-
ducting R&D surveys, R&D, also called research and
experimental development, comprises creative work “un-
dertaken on a systematic basis to increase the stock of
knowledge—including knowledge of man, culture, and
society—and the use of this stock of knowledge to devise
new applications” (OECD 2002).

Basic research. The objective of basic research is to
gain more comprehensive knowledge or understanding
of the subject under study without specific applications
in mind. Although basic research may not have specific
applications as its goal, it can be directed to fields of cur-
rent or potential interest. This focus is often the case when
performed by industry or mission-driven federal agencies.

Applied research. The objective of applied research
is to gain knowledge or understanding to meet a specific,
recognized need. In industry, applied research includes
investigations to discover new scientific knowledge that
has specific commercial objectives with respect to prod-
ucts, processes, or services.

Development. Development is the systematic use of
the knowledge or understanding gained from research di-
rected toward the production of useful materials, devices,
systems, or methods, including the design and develop-
ment of prototypes and processes.

R&D plant. This term refers to the acquisition of, con-
struction of, major repairs to, or alterations in structures,
works, equipment, facilities, or land for use in R&D
activities.

Budget authority. Budget authority is the authority
provided by federal law to incur financial obligations
that will result in outlays. The basic forms of budget
authority are appropriations, contract authority, and
borrowing authority.

Obligations. Federal obligations represent the dollar
amounts for orders placed, contracts and grants awarded,
services received, and similar transactions during a given
period, regardless of when funds were appropriated or
payment was required.

Outlays. Federal outlays represent the dollar amounts
for checks issued and cash payments made during a giv-
en period, regardless of when funds were appropriated
or obligated.

For an annotated compilation of definitions of R&D
by U.S. statistical agencies, tax statutes, accounting bod-
ies, and other official sources, see NSF/SRS (2006).
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(also called constant or real) 2000 dollars.? The 2008 figures
are preliminary, however, and may not yet fully reflect the
effects of the sharp downturn in the U.S. economy and glob-
ally beginning in late 2008.

Total estimated R&D expenditures in 2008 were $13.9
billion higher in real dollars than in 2007 (table 4-1). Most of
this increase reflected estimated increases in business R&D
expenditures and funding.
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Over the longer term, increases in national R&D spend-
ing have been largely uninterrupted since 1953 in both cur-
rent and real dollars (figure 4-1). The rates of the past several
years have been above the average annual growth rate over
the past 20 years (5.6% in current dollars, 3.1% in con-
stant dollars). U.S. R&D spending crossed the $100 billion
(current dollars) threshold in 1984, passed $200 billion in
1997, was nearly $300 billion in 2004, and almost reached

Table 4-1
U.S. R&D expenditures, by performing sector and funding source: 2003-08
Sector 2003 2004 2005 2006 2007 2008
Current $millions
All performing Sectors .........c.cceveerveerceeeneens 288,324 299,201 322,104 347,046 372,527 397,616
BUSINESS ..ot 200,724 208,301 226,159 247,669 269,267 289,105
Federal government.........ccccoeevevecveneeeneenee. 35,005 35,632 37,716 38,926 39,897 41,741
Federal intramural®...........cccceveeceenercenne 22,752 22,844 24,470 25,556 25,858 27,000
FFRDCS......utiiieieeeecteeeie et e e siee e 12,253 12,788 13,246 13,369 14,039 14,741
Industry-administered® ..............cccceen. 2,458 2,485 2,601 3,122 4,839 5,031
U&C-administered®..........cccocveverernens 7,301 7,659 7,817 7,306 5,892 6,023
Nonprofit-administered............c.c.cc...... 2,494 2,644 2,828 2,941 3,308 3,688
Universities and colleges..............cccceuennee. 40,484 43,128 45,197 46,983 49,021 51,163
Other NoNProfit.......ccceveeveeveeiiereeceseceens 12,111 12,140 13,032 13,469 14,341 15,606
All funding SOUICES .....cocvvrueeierieeiirieeeesieeeene 288,324 299,201 322,104 347,046 372,527 397,616
BUSINESS ..cvviiieieeieceece e 186,174 191,376 207,826 227,254 246,927 267,847
Federal government.........cccccceveveeeeneecneenee. 83,618 88,766 93,817 98,036 101,764 103,696
Universities and colleges..........cccecveevueennen. 7,650 7,937 8,579 9,307 9,993 10,600
Nonfederal government...........ccccccveecriennen. 2,742 2,883 2,922 3,021 3,249 3,453
Other NoNProfit........ccceveeveiiecieiecieeeecies 8,140 8,239 8,960 9,429 10,593 12,020
Constant 2000 $millions
All performing SECLOrS ........cvveeeererererererereeeeens 270,971 273,335 284,962 297,444 310,913 324,791
Business 188,643 190,294 200,081 212,271 224,732 236,155
Federal government ... 32,898 32,551 33,367 33,362 33,299 34,096
Federal intramural..........cccoceuvueurerereennnns 21,383 20,869 21,648 21,904 21,582 22,055
FERDCS....eeueieeeeeeeeeeesenenesesenesesesnsaessasssnnnnns 11,516 11,682 11,719 11,459 11,717 12,042
Industry-administered® ........ 2,310 2,270 2,301 2,676 4,039 4,109
U&C-administered®.... 6,861 6,997 6,916 6,262 4,918 4,920
Nonprofit-administered 2,344 2,415 2,502 2,521 2,761 3,012
Universities and colleges..........cocvererrererrecnnns 38,047 39,400 39,986 40,268 40,913 41,792
Other NONPIOfit........cccveereeeierieereceereeseens 11,382 11,090 11,529 11,544 11,969 12,748
All funding SOUICES ......cveveveereeeeeeeeeresesesesaeeeeas 270,971 273,335 284,962 297,444 310,913 324,791
Business 174,969 174,831 183,862 194,773 206,087 218,790
Federal government ... 78,585 81,092 82,999 84,024 84,933 84,704
Universities and colleges... 7,190 7,251 7,589 7,977 8,341 8,658
Nonfederal government .........c.coceceeverernecnnns 2,677 2,634 2,585 2,589 2,711 2,821
Other NONPIOfit.......ccceveverererereeeeeeeeeeeeeerererenes 7,650 7,527 7,926 8,081 8,841 9,818

FFRDC = federally funded research and development center; U&C = universities and colleges

aIncludes expenditures of federal intramural R&D and costs associated with administering extramural R&D.
°In June 2006, Los Alamos National Laboratory (approximately $2 billion in annual R&D expenditures in recent years) became industry administered;
previously, U&C administered. This shift is one reason for change in trends apparent in R&D expenditure figures between 2006 and 2007.

NOTES: Data for 2008 are preliminary. Data based on annual reports by performers except for nonprofit sector. Expenditure levels for academic and federal
government performers are calendar-year approximations based on fiscal year data. For federal government expenditures, approximation equal to 75% of
amount reported in same fiscal year plus 25% of amount reported in subsequent fiscal year. For academic expenditures, respective percentages are 50 and

50, because those fiscal years generally begin on 1 July instead of 1 October.

SOURCE: National Science Foundation, Division of Science Resources Statistics, National Patterns of R&D Resources (annual series). See appendix tables

4-3 and 4-7.
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Figure 4-1

U.S. total R&D expenditures: 1953-2008
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix table 4-3.
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$400 billion in 2008. Over the past 20 years, the expan-
sion of U.S. R&D spending has exceeded the pace of GDP
growth, which averaged 5.3% in current dollars and 2.8%
in constant dollars, with the difference becoming more sub-
stantial in the past few years.

The economic stimulus package enacted in early 2009
(American Recovery and Reinvestment Act of 2009 [Pub-
lic Law 111-5]) provided a substantial increase in fed-
eral FY 2009 funding for R&D and R&D infrastructure
($18.3 billion). However, these one-time funds do not enter
into the federal funding base for subsequent fiscal year bud-
gets, as discussed in the federal R&D section of this chapter.

Estimates of U.S. R&D expenditures are generated by
adding the annual R&D spending of all sectors of the econ-
omy for which expenditures can be reasonably estimated.
The spending figures come from surveys of organizations
that historically have performed the vast majority of R&D
in the United States; however, some components of national
R&D performance are not reflected in current NSF data, and
measurement challenges remain. For a further discussion
of R&D activities not currently captured in NSF’s official
R&D statistics, see the sidebar “Unmeasured R&D.”

Performers of R&D

NSF tracks the R&D spending patterns of several per-
formers in the overall U.S. R&D system: businesses, the
intramural R&D activities of federal agencies, federally
funded R&D centers (FFRDCs),? universities and colleges,
and other nonprofit organizations.

Business Sector
Estimated spending for R&D performed in the United
States by businesses totaled $289.1 billion (current dollars)

Chapter 4. Research and Development: National Trends and International Linkages

Unmeasured R&D

The estimates of U.S. R&D presented in this vol-
ume are derived from surveys of organizations that
have historically performed the vast majority of R&D
in the United States. To evaluate U.S. R&D perfor-
mance over time and in comparison with other coun-
tries, however, it is necessary to gauge how much
R&D goes unmeasured. The following paragraphs de-
scribe types of unmeasured R&D performance in the
United States.

To reduce cost and respondent burden, U.S. in-
dustrial R&D estimates are derived from a survey of
R&D-performing companies with five or more em-
ployees. Accordingly, no estimates of R&D perfor-
mance are available for companies with fewer than
five employees.

The activity of individuals performing R&D on
their own time and not under the auspices of a cor-
poration, university, or other organization is similarly
omitted from official U.S. R&D statistics.

Social science R&D has been excluded from U.S.
industrial R&D statistics. Also, R&D in the humani-
ties is excluded from U.S. academic R&D statistics.
Other countries include both in their national statistics,
making their national R&D expenditures relatively
larger when compared with those of the United States.
(The new U.S. Business R&D and Innovation Survey,
being fielded for the first time in 2009, includes social
science R&D and will better capture total federally
funded R&D performed by others. Furthermore, NSF
is in the process of redesigning its Higher Education
R&D Survey, which will include non-S&E R&D ex-
penditures in its reported totals.)

NSF has not conducted a survey on R&D perfor-
mance by nonprofit organizations since 1998, although
the R&D performance of nonprofits is estimated for
national R&D totals. NSF and the U.S. Census Bureau
collected statistics for R&D performance by state gov-
ernments in the United States for 2006 and 2007, but
these data have not yet been included in the national
time series. Data for these performers are discussed in
“Location of R&D Performance.”

in 2008 (table 4-1). NSF estimates that business R&D ex-
penditures in 2008 expanded in real terms (constant dol-
lars) by 5.1%, outpacing the real growth of total U.S. R&D
in the same year (4.5%). Similarly high rates of growth
prevailed for business R&D in 2005, 2006, and 2007, and
again, the growth in business R&D outpaced that of total
U.S. R&D.

The business sector is by far the largest performer of U.S.
R&D, accounting for 73% of the total in 2008 (figure 4-2).
The high-water mark of the business sector’s share of U.S.
R&D to date was 75% in 2000. Over the next 4 years, its
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Figure 4-2
Shares of national R&D expenditures, by performing
and funding sectors: 2008
Performing sector
Other nonprofit 3.9%

Universities and
colleges 12.9%

Federal
government
10.5%
Business 72.7%
Funding sector
Universities and X
colleges 3.5% Other nonprofit 3.0%
Federal
government
26.1%

Business 67.4%

NOTES: Data for 2008 are preliminary. National R&D expenditures
are estimated to be $398 billion in 2008. Federal performing sector
includes federal agencies and federally funded research and
development centers. State and local government support to industry
is included in industry support for industry performance. State and
local government support to universities and colleges is included in
universities and colleges support of universities and college
performance. Detail may not add to total because of rounding.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix tables 4-3 and 4-7.
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share declined to about 70% in response to the slowdown
of the U.S. economy in 2001 and 2002 and the associated
curtailment of business activities by many R&D-performing
firms. With the renewal of vigorous business activity there-
after, business spending on R&D moved to a higher-growth
path. The business sector’s share of R&D rose above 70% in
2005 and has since continued to increase.

Over the past 5 years, expanded business spending on
R&D has accounted for much of the growth (in both cur-
rent and real-dollar terms) in all U.S. R&D spending. The
most striking trend when contrasting business-sector R&D
with that of other performers over the past several decades is
the sustained, far larger real-dollar expansion in the level of
R&D spending by the business sector (figure 4-3).
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Figure 4-3
National R&D, by performing and funding sectors,
1953-2008
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NOTES: Data for 2008 are preliminary. Federal performers of R&D
includes federal agencies and federally funded research and
development centers. State and local government support to
industry is included in industry support for industry performance.
State and local government support to universities and colleges is
included in universities and colleges support of universities and
college performance.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix tables 4-3 and 4-7.
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As discussed in the section “R&D by Character of Work,”
three-quarters of the business sector’s R&D performance in
recent years has been directed toward development activi-
ties rather than basic and applied research. Other U.S. R&D
performers are relatively more active with respect to basic
and applied research.

The business sector is the chief source of funding
for its own R&D spending. In 2008, it is estimated that
$263.3 billion, or 91%, of the business sector’s overall R&D
expenditures ($289.1 billion) came from the business sec-
tor itself (table 4-2), with the balance ($25.8 billion) com-
ing from the federal government. Before the late 1960s, the
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Table 4-2
U.S. R&D expenditures, by character of work, performing sector, and funding source: 2008
Total
Federal Universities Other expenditures
Sector Total Business government and colleges nonprofit (% distribution)
R&D ...ttt 397,616 267,847 103,696 14,053 12,020 100.0
Business ............... ... 289,105 263,310 25,795 * * 72.7
Federal government.. 41,741 * 41,741 * * 10.5
Federal intramural ............cccoeeeverervennnnee. 27,000 * 27,000 * * 6.8
FFRDCS.....eiiiiieiieeiieeiee st 14,741 * 14,741 * * 3.7
Industry-administered.........c.ccccocueenen 5,031 * 5,031 * * 1.3
U&C-administered.........ccccoeeeveenuennen. 6,023 * 6,023 * * 1.5
Nonprofit-administered... 3,688 * 3,688 * * 0.9
Universities and colleges.... 51,163 2,908 30,177 14,053 4,024 12.9
Other nonprofit organizations ... 15,606 1,629 5,982 * 7,995 3.9
Percent distribution by source.................. 100.0 67.4 26.1 3.5 3.0 na
Basic research ........ccocceeeeecieenieeieeniees 69,146 12,222 39,379 10,188 7,357 100.0
Business............ 11,907 9,209 2,697 * * 17.2
Federal government. 10,189 * 10,189 * * 14.7
Federal intramural ...........cccoevevereenennnee. 4,734 * 4,734 * * 6.8
FFRDCS.....eiiieeeeeeeiteeiee e 5,455 * 5,455 * * 7.9
Industry-administered.............cccorurenee. 2,287 * 2,287 * * 3.3
U&C-administered.........cccccveererreiennens 1,736 * 1,736 * * 2.5
Nonprofit-administered. 1,432 * 1,432 * * 2.1
Universities and colleges..... 38,822 2,108 23,608 10,188 2,918 56.1
Other nonprofit organizations.. 8,229 904 2,885 * 4,439 11.9
Percent distribution by source.................. 100.0 17.7 57.0 14.7 10.6 na
Applied research..........cccccveeeerenrenereennens 88,578 53,827 28,649 3,169 2,934 100.0
BUSINESS.......cueiiieeiieieeeteeseee e eseeseeenens 61,437 52,758 8,679 * * 69.4
Federal government .. 11,599 * 11,599 * * 13.1
Federal intramural .........ccceeeeeeeeeieccnnnnees 7,573 * 7,573 * * 8.5
FFRDCS.....ciiiiicveeeiieecieesreesee e e sae s 4,026 * 4,026 * * 4.5
Industry-administered............c.cccueee... 1,067 * 1,067 * * 1.2
U&C-administered.........cccoeeeveeieennnes 1,644 * 1,644 * * 1.9
Nonprofit-administered... 1,315 * 1,315 * * 1.5
Universities and colleges ...... 10,556 656 5,824 3,169 908 11.9
Other nonprofit organizations... 4,985 413 2,546 * 2,026 5.6
Percent distribution by source. .............. 100.0 60.8 32.3 3.6 3.3 na
Development.........ccveveeiieeiieciieeieciienns 239,891 201,798 35,669 696 1,729 100.0
BUSINESS....coiiiiiiieiieeieesie e 215,761 201,342 14,419 * * 89.9
Federal government. 19,953 * 19,953 * * 8.3
Federal intramural .........ccceeeeeeeeeeccinnnnees 14,693 * 14,693 * * 6.1
FFRDCS.....ciiiiiciieeieeieesieesieeesieesae s 5,260 * 5,260 * * 2.2
Industry-administered............c.cccueee... 1,676 * 1,676 * * 0.7
U&C-administered.........ccccveeeeeeeennne. 2,643 * 2,643 * * 1.1
Nonprofit-administered. 941 * 941 * * 0.4
Universities and colleges...... 1,785 144 746 696 199 0.7
Other nonprofit organizations.. 2,392 312 551 * 1,530 1.0
Percent distribution by source.................. 100.0 84.1 14.9 0.3 0.7 na

* = small to negligible amount, included as part of funding provided by other sectors; na = not applicable
FFRDC = federally funded research and development center; U&C = universities and colleges

NOTES: Data for 2008 are preliminary. Federal intramural includes federal intramural R&D and costs associated with administering extramural R&D. Funding
for FFRDC performance chiefly federal, but any nonfederal support included in federal figures. State and local government support to industry included

in industry support for industry performance. State and local government support to universities and colleges ($3,453 million) included in universities and
colleges support for universities and colleges performance.

SOURCE: National Science Foundation, Division of Science Resources Statistics, National Patterns of R&D Resources (annual series). See appendix tables
4-3 to 4-10.
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federal government was the primary source of funding for
business R&D.

Note that the decline in federal funding of business R&D,
as reported by businesses, differs somewhat from the trend
apparent in R&D spending data collected from federal
agencies. For details on this discrepancy, see the sidebar
“Tracking R&D: The Gap Between Performer- and Source-
Reported Expenditures” later in this chapter.

Universities and Colleges

Universities and colleges performed an estimated
$51.2 billion of R&D in 2008. The academic sector is the
second-largest performer of U.S. R&D. It currently repre-
sents just below 13% of total U.S. R&D performance, about
a fifth of the size of business R&D. In the late 1990s and first
years of the current decade, academic R&D grew faster than
R&D in any other U.S. sector, with real annual growth rates
in the range of 6% to 8%. After 2004, however, real growth
has been much slower, falling to 2.1% in 2008, well below
the real growth rates for business R&D and total U.S. R&D.

Universities and colleges are estimated to have per-
formed more than half (56%) of the nation’s basic research
in 2008. (See “R&D by Character of Work.”) They also rely
much more than the business sector on external R&D fund-
ing. In 2008, about 27% of academic R&D was funded by
the institutions themselves; 59% was funded by the federal
government; and the balance was funded by state and local
governments, nonprofits and other types of organizations,
and private gifts (table 4-2).

Federal Agencies and FFRDCs

R&D performance by the federal government (which
spans the activities of agency intramural research laborato-
ries, agency planning and administration of both intramural
and extramural R&D projects, and the FFRDCs) totaled an
estimated $41.7 billion in 2008, about 11% of all U.S. R&D
performance. Federal agencies’ intramural R&D activities
(including the aforementioned planning and administration
costs) accounted for $27.0 billion (6.8%) of the U.S. total,
and FFRDCs accounted for $14.7 billion (3.7%). Federal
agencies’ intramural R&D performance is entirely funded
by the federal government; FFRDCs also rely chiefly on
federal funding, with small amounts of nonfederal funds at
some facilities.

Real expenditures for R&D conducted by federal agen-
cies and FFRDCs combined grew rapidly from 2001 to
2003, reflecting increased defense spending following
the terrorist attacks of September 11, 2001. From 2004 to
2007, federal government R&D performance was essential-
ly flat. It is estimated to have returned to modest growth in
2008, with increases in both federal intramural and FFRDC
R&D performance.

The volume of the federal government’s R&D perfor-
mance is small compared with that of the U.S. business sec-
tor. However, the federal sum of $41.7 billion exceeds the
national R&D expenditures of every country except Japan,
China, and Germany. Furthermore, this federal expenditure
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does not include sizable government investments in R&D
infrastructure and equipment. In addition, the federal gov-
ernment maintains research facilities and conducts research
projects that would be too costly or risky for a single com-
pany or university to undertake.

Other Nonprofit Organizations

The figure for R&D performed in the United States by
other nonprofit organizations in 2008 was an estimated
$15.6 billion. This amount represents about 4% of all
U.S. R&D in that year, a share that has been fairly stable
since 2000.

Sources of R&D Funding

The funding for R&D conducted by organizations in the
United States comes from a variety of sources, including
their own funds, as well as contracts and grants from other
organizations. The funding mix varies across the main per-
forming sectors. Data on the flows of R&D funding within
sectors, such as between two companies, are limited, but data
on the flows of R&D between sectors indicate that financial
relationships between organizations play a significant role in
the U.S. R&D system.

In 2008, an estimated 19% of U.S. R&D ($74 billion, cur-
rent dollars) came from funding by an organization in a sec-
tor other than the performing sector (table 4-2). Most of this
between-sector funding comes from the federal government,
which supports significantly more R&D than it conducts in
its own laboratories and FFRDCs. In sharp contrast, most
businesses use a high percentage of their R&D budgets for
internal projects or to contract for R&D performed by other
businesses. The small remainder—about 2% of overall busi-
ness funds for R&D—flows to universities and other non-
profit organizations to support R&D performance.

R&D Funding by the Federal Government

In 2008, according to the reports of R&D performers,
the federal government funded an estimated $103.7 billion
(current dollars) of R&D (table 4-1). This amount repre-
sented about 26% of all R&D funding in the United States
(figure 4-2).

The federal government was once the predominant spon-
sor of the nation’s R&D, funding some 67% of all U.S.
R&D in 1964 (figure 4-4). But the federal share decreased
in subsequent years, falling to below 50% in 1979 and to a
low of 25% in 2000. This declining share of federal R&D
funding is particularly evident in the business sector. In the
late 1950s and early 1960s, more than half of the nation’s
business R&D was funded by the federal government, but by
2000, less than 10% of business R&D was federally funded
(appendix table 4-3).

Between 2001 and 2004, however, this decades-long
trend was attenuated as private investment slowed in the
face of the 2001-02 recession. In addition, federal R&D
spending expanded, first in health and then in defense and
counterterrorism. By 2004, the federal share of the nation’s
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Figure 4-4

National R&D expenditures, by funding source:
1953-2008
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Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix table 4-7.
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R&D funding reached 30%, but thereafter it declined again
to an estimated 26% in 2008.

R&D Funding by Business

The business sector is both the largest performer and the
largest source of R&D funding in the United States. Busi-
ness provided an estimated $267.8 billion for R&D in 2008,
67% of the U.S. total.

The business sector’s share of national R&D fund-
ing first surpassed the federal government’s share in 1980
(figure 4-4). Almost all business funding for R&D is direct-
ed toward business R&D, with a small remainder (around
2%) allocated to academic and other nonprofit performers.

From 1980 to 1985, business support for R&D grew, in
real dollars, at an average annual rate of almost 8%. From
1985 to 1994, real growth dropped to 3% per year, before
expanding to 9% through 2000. Growth declined by 3% a
year during the 2000—02 recession, was flat in 2003—04, and
has increased robustly (5% or more real growth annually)
since 2005. NSF’s preliminary estimate for real growth in
business-sector R&D funding in 2008 is about 6%.

R&D Funding From Other Sources

R&D funding from other nonfederal sources—aca-
demia’s own institutional funds, other nonprofits, and state
and local governments—is small in comparison to federal
and business sources, and is estimated to have been be-
low 7% of the total in 2008. Nonetheless, this funding has
been growing fairly rapidly for some time. From 1998 to
2008, growth in funding from these sectors averaged 5.4%
per year in real-dollar terms—ahead of the pace of funding
growth in both the federal and business sectors. Most R&D
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funded by these nonfederal sources is performed by the aca-
demic sector.

Finally, unlike many countries, the United States does not
currently have data on domestic R&D that is funded by for-
eign sources. However, NSF has begun to collect these data
as part of a new business survey. Separately, foreign direct
investment in R&D, which is measured in the United States,
provides an indication of international participation in busi-
ness R&D. However, foreign ownership does not necessar-
ily imply foreign R&D funding, because an affiliate may
fund activities through its own revenues and other domestic
sources. (See “R&D by Multinational Companies.”)

R&D by Character of Work

R&D encompasses a wide range of activities, from fun-
damental research in the physical, life, and social sciences;
to research addressing such critical issues as global climate
change, energy efficiency, and health care; to the develop-
ment of general-purpose technologies and new goods and
services. Because the activities are so diverse, it helps to
classify them into distinct categories when analyzing R&D
expenditures.

Historically, the most common categories used to classify
R&D are basic research, applied research, and (experimen-
tal) development. (See sidebar “Definitions of R&D.”) In
light of the complex feedback loops involved in knowledge
creation and exploitation, these categories have been criti-
cized as simplistic and too linear in their implied progres-
sion. No alternative measurement frameworks, however,
have been widely adopted. Accordingly, this chapter relies
on these longstanding, widely used, and internationally
comparable categories (OECD 2002) to describe the current
trends in the character of U.S. R&D expenditures.*

In 2008, the United States performed an estimated
$69.1 billion of basic research, $88.6 billion of applied re-
search, and $239.9 billion of development (table 4-2). Ba-
sic research represented a little more than 17% of the total,
applied research, 22%; and development, just over 60%
(figure 4-5).

Historically, the federal government has been the prime
source of funding for basic research, accounting for an es-
timated 57% of the nation’s total in 2008 (figure 4-5). The
share of federal funding to universities and colleges, the na-
tion’s largest performers of basic research, was 61%.

Industry directs only small portions of its R&D funding to
basic research—an estimated 5% in 2008 (figure 4-6). Many
businesses believe that basic research involves significant
uncertainties regarding both the near-term commercial value
of any discoveries and the firm’s ability to enforce intel-
lectual property rights and earn a return. Some firms, how-
ever, view engaging in basic research (whether performed
internally or in cooperation with other performers) as a way
to boost human capital resources by attracting and retain-
ing talented scientists and engineers. This can strengthen
the firm’s capacity for innovation and improve its ability to
absorb external scientific and technological knowledge. Not



Science and Engineering Indicators 2010

Figure 4-5

National R&D, by character of work, and basic

research, by funding and performing sectors: 2008
National R&D, by character of work

Basic
research 17.4%

Applied
research
22.3%

Development
60.3%

Basic research, by performing sector
Other nonprofit

organizations 11.9% Business 17.2%

Federal
government
14.7%

Universities and
colleges 56.1%

Basic research, by funding source

Other nonprofit
organizations 10.6%

Business 17.7%

Universities
and colleges
14.7%

Federal
government 57.0%

NOTES: Data for 2008 are preliminary. National R&D expenditures
estimated at $398 billion in 2008. Federal performers include federal
agencies and federally funded research and development centers.
State and local government support to industry included in industry
support for industry performance. State and local government
support to universities and colleges included in universities and
colleges support of universities and college performance. Detail may
not add to total because of rounding.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix tables 4-3, 4-4, 4-5, 4-6, and 4-8.
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surprisingly, the industries that invest the most in basic re-
search are those whose new products are most directly tied
to ongoing science and technological advances, such as the
pharmaceuticals and scientific R&D service sectors.

The business sector currently spends more than four
times on applied research than basic research, accounting
for greater than half of U.S. applied research funding. In
2008, industry invested an estimated $53.8 billion in applied
research funding, 61% of the U.S. total. Industries that per-
form a relatively large amount of applied research include
chemicals, aerospace (mostly funded by the Department of
Defense [DOD]), and R&D services (where many compa-
nies engage in the licensing of technologies).

The bulk of the federal government’s applied research
funds support work that is performed by the federal agencies
themselves or by FFRDCs.

Figure 4-6
R&D performing sectors and funding sources,
by character of work: 2008
D Basic . Applied . Development
research research

Performing sector

Business

Federal
intramural

FFRDCs

Universities
and
colleges

0 20 40 60 80 100
Percent

Funding source

Business

Federal
government

Universities
and
colleges

0 20 40 60 80 100
Percent

FFRDCs = federally funded research and development centers.

NOTES: Data for 2008 are preliminary. State and local government
support to industry included in industry support for industry
performance. State and local government support to universities
and colleges included in universities and colleges support for
universities and colleges performance.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series). See appendix tables 4-3 to 4-10.
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Development expenditures totaled an estimated
$239.9 billion in 2008, representing 60% of all U.S. R&D
expenditures.®> The development of new and improved
goods, services, and processes is dominated by the business
sector, which funded 84% (an estimated $201.8 billion)
of all U.S. development in 2008. The federal government
funded most of the remaining development, totaling 15%,
or $35.7 billion. Most federal development spending is de-
fense related; this spending includes military aircraft, for
which the federal government is the main customer.

The business sector performs a higher share of devel-
opment activities than it funds, having conducted about
90% of all U.S. development in 2008. Federal agencies and
FFRDCs conducted 8%, and all other performers combined
conducted just below 2%.

R&D expenditures by public and private organizations
indicate the priority given to the creation of new science
and technology (S&T)-based knowledge in support of their
goals. As an input measure, however, R&D expenditures do
not directly lead to subsequent economic and social outputs.
For one approach to measuring the role of R&D in econom-
ic output and growth, see the sidebar “The BEA/NSF R&D
Satellite Account: R&D and Economic Growth.”

Location of R&D Performance

More than half of all U.S. R&D is performed in only a
few states.® Nonetheless, patterns of expenditures for R&D
activities vary among the top R&D-performing states. (For

Chapter 4. Research and Development: National Trends and International Linkages

a broader range of indicators on state-level S&E activities,
see chapter 8.)

Distribution of R&D Expenditures Among
States

In 2007, the 10 states with the greatest R&D expenditure
levels accounted for about 64% of U.S. R&D expenditures
that can be allocated to the states. The top 20 states account-
ed for nearly 85% of the R&D total; the 20 lowest-ranking
states, around 5%. California alone represented 22% of U.S.
R&D, exceeding the next-highest state, Massachusetts, by
more than three times. Appendix table 4-15 provides 2007
statistics on R&D performers and funders for all the states.

To some degree, state variations in the level of R&D ex-
penditures reflect differences in economic scale. Reporting
a state’s R&D expenditures as a fraction of its GDP adjusts
for these differences and is an indicator of R&D intensity at
the state level.

States with the highest R&D/GDP ratios in 2007 in-
cluded New Mexico, Massachusetts, and Maryland (table
4-3). New Mexico is the location of several major govern-
ment research facilities. Massachusetts benefits from both
leading research universities and thriving high-technology
industries. Maryland is the site of many government re-
search facilities and growing research universities. Cali-
fornia ranks seventh in R&D intensity. See appendix table
4-16 for a complete list of states and their corresponding
R&D intensities.

The BEA/NSF R&D Satellite Account: R&D and Economic Growth

Measuring R&D as capital investment rather than an
expense (that is, capitalizing R&D) recognizes that R&D
has long-term benefits, much as do investments in physi-
cal assets. Capitalized R&D has a direct impact on GDP
because business R&D becomes part of economic output
instead of an expense. International activities are under-
way to update systems of national accounts to recognize
the investment nature of R&D (UNSC 2007). A first step
in the statistical systems of the United States and other
OECD countries is to develop R&D satellite accounts,
that is, supplementary estimates of the GDP and related
measures that provide greater detail or alternative mea-
surement concepts without changing the core accounts.
Future research topics include improving the price index-
es used to produce inflation-adjusted R&D investment
figures and measures of the depreciation of R&D as a
capital asset.

Several U.S. interagency efforts are aimed at identi-
fying improved measures of intangibles, such as R&D,
and their economic role (Aizcorbe, Moylan, and Robbins
2009; Jorgenson, Landefeld, and Nordhaus 2006). NSF’s
Division of Science Resources Statistics, responsible for

U.S. R&D statistics, and the Bureau of Economic Analy-
sis (BEA), responsible for the U.S. national economic ac-
counts, are jointly developing an R&D Satellite Account
(Robbins and Moylan 2007). Current plans call for incor-
poration of R&D capital into the National Income and
Product Accounts and other core accounts in 2013.

According to BEA preliminary estimates, capitaliz-
ing R&D increased the level of current-dollar GDP by
an average of 2.9% per year between 1959 and 2006.
Adjusted for inflation, R&D capital would account for
about 5.1% of real GDP growth between 1959 and 2006.
This figure compares with a 2.2% share for all business
investment in commercial and all other types of build-
ings. During the more recent 1995-2006 period, R&D
investment accounted for about 7% of real GDP growth,
with the business sector’s R&D contribution amounting
to 4.6% percent.

From 1995-2006, the largest estimated contributions
to real GDP growth came from the pharmaceutical and
medicine manufacturing industry, which accounted for
more than 1% of GDP growth. The software publishing
industry accounted for an additional 0.5%.
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Table 4-3
Top 10 states in R&D performance, by sector and intensity: 2007

All R&D? Sector ranking R&D intensity (R&D/GDP ratio)
Amount Federal R&D/ GDP

(current Universities and intramural GDP  (current

Rank State $millions) Business colleges and FFRDC® State (%)  $billions)
1 California 77,608 California California Maryland New Mexico 7.53 75.2
2 Massachusetts 24,557 Massachusetts New York California Massachusetts 6.97 352.2
3 New Jersey 19,552 New Jersey Texas New Mexico Maryland 5.34 264.4
4 Texas 17,853  Michigan Maryland Virginia Washington 4.85 310.3
5 Michigan 17,402 Texas Pennsylvania District of Columbia Connecticut 4.82 212.3
6 New York 15,939  Washington Massachusetts Massachusetts Michigan 4.58 379.9
7 Washington 15,061 Illinois North Carolina  Tennessee California 4.31 1,801.8
8 lllinois 14,287 New York lllinois Washington New Jersey 4.24 461.3
9 Maryland 14,130 Pennsylvania Ohio lllinois District of Columbia  4.17 92.5
10 Pennsylvania 13,510 Connecticut Florida Florida New Hampshire 3.71 57.8

FFRDC = federally funded research and development center; GDP = gross domestic product

2Includes in-state total R&D performance of business, universities, federal agencies, FFRDCs, and federally financed nonprofit R&D.
®Includes costs associated with administration of intramural and extramural programs by federal personnel and actual intramural R&D performance.

NOTE: Small differences in parameters for state rankings may not be significant. Rankings do not account for the margin of error of the estimates from

sample surveys.

SOURCES: National Science Foundation, Division of Science Resources Statistics, Survey of Industrial Research and Development, 2007; Survey of
Research and Development Expenditures at Universities and Colleges, FY 2008; Survey of Federal Funds for Research and Development, FY 2007-2009;
Survey of State Research and Development Expenditures, FY 2007. State GDP data are from the U.S. Bureau of Economic Analysis, http://www.bea.gov/

regional/gsp, accessed 29 July 2009. See also appendix tables 4-15 and 4-16.

Sector Distribution of R&D Performance
by State

The proportion of R&D performed in each of the major
R&D-performing sectors (business, universities and colleg-
es, federal intramural facilities and FFRDCs) varies across
states. States that lead in total R&D tend to be well repre-
sented in each of these sectors (table 4-3).

In 2007, business-sector R&D accounted for about 74%
of the U.S. R&D total that could be allocated to specific
states. Of the top 10 states in total R&D performance, 9
are also in the top 10 in industry R&D. Connecticut, 10th
in business-sector R&D and home to substantial pharma-
ceutical R&D activity, surpasses Maryland in the business
R&D ranking.

University-performed R&D accounts for 14% of the U.S.
total, and it also closely follows state total R&D perfor-
mance. Among the top 10 states in total R&D, only Michi-
gan, New Jersey, and Washington are not also among the
university R&D top 10, being replaced by North Carolina,
Ohio, and Florida.

Representing about 11% of the state-distributed U.S. to-
tal, federal R&D performance (both intramural and FFRDC)
is more concentrated geographically than performance in
other sectors—and the relationship between its geographical
distribution and that of total R&D is less significant. The top
four states (Maryland, California, New Mexico, and Virgin-
ia) and the District of Columbia represent 64% of all federal
R&D performance.” This figure rises to 78% when the other
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five top 10 states (Massachusetts, Tennessee, Washington,
Illinois, and Florida) are included.

Federal R&D accounts for 82% of all R&D in New Mex-
ico, home of the nation’s two largest FFRDCs (Los Alamos
and Sandia National Laboratories). The high figures for
Maryland (54%), Virginia (38%), and the District of Colum-
bia (74%) reflect the concentration of federal facilities and
administrative offices in the national capital area. The share
for Tennessee (32%) reflects the presence of a large federal
facility, Oak Ridge National Laboratory.

In California, Massachusetts, Washington, and Illinois,
federal R&D performance accounts for no more than 6% to
7% of the state R&D totals, even though each state is among
the top 10 in federal performance. The federal R&D share in
Florida was 13% in 2007.

Business R&D in Top States

During 2007, companies in the 10 states with the high-
est business R&D performance reported aggregate R&D
expenditures of $186.0 billion and accounted for 69% of
the business R&D performed in the United States. Compa-
nies in California alone accounted for 24% of the nation’s
business R&D. The types of companies that carry out R&D
vary considerably among these 10 leading states (table 4-4),
reflecting regional specialization or clusters of business ac-
tivity. For example, the automotive manufacturing industry
accounted for 75% of Michigan’s business R&D in 2007,
although it accounted for only 6% of the nation’s total busi-
ness R&D.
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Table 4-4
Top 10 states in business R&D performance and share of R&D, by selected industry: 2007
(Percent)
Business-
performed Computer and  Computer- Companies
R&D (current electronic related R&D Motor with 5-499
State $millions) Chemicals products services services vehicles employees
All states........ccceeeeeunen 269,267 20.6 L 21.8 5.4 8.4 6.0 L 18.7
California................. 64,187 13.9 33.0 14.6 9.5 D 20.2
Massachusetts........ 19,488 17.4 44.6 5.5 9.9 0.0 18.5
New Jersey .... 17,892 63.1 6.3 5.2 8.0 0.1 13.4
Michigan ..... 15,736 6.7 1.3 1.9 2.8 74.8 8.5
Texas........... . 13,889 5.6 32.3 17.8 7.4 0.4 18.6
Washington............. 12,687 5.2 5.3 2.6 6.5 0.4 12.3
OIS ... 11,362 25.2 32.7 4.3 2.4 1.8 141
New York . 10,916 30.1 7.8 15.6 4.1 3.0 22.7
Pennsylvania........... 10,387 55.0 7.3 6.2 5.2 0.8 17.5
Connecticut ............ 9,444 59.0 2.3 25 3.2 0.2 8.2

L = lower-bound estimate; D = suppressed to avoid disclosure of confidential information

NOTES: Rankings do not account for margin of error of estimates from sample surveys. Detail does not add to total because not all industries shown.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Survey of Industrial Research and Development.

The computer and electronic product manufacturing in-
dustries performed 22% of the nation’s total business R&D,
but the shares of this performance were larger in Massachu-
setts (45%), Illinois (33%), California (33%), and Texas
(32%). These states have clearly defined regional centers
of high-technology research and manufacturing, including
Cambridge and Route 128 in Massachusetts; Champaign
County, Illinois; Silicon Valley, California; and the Silicon
Hills of Austin. About two-thirds of R&D performed in the
United States by computer and electronic product compa-
nies in 2007 was located in these four states and accounted
for 14% of all business R&D nationwide (table 4-4; appen-
dix table 4-11).

R&D performed by chemical manufacturing companies
remains prominent in New Jersey, Connecticut, and Penn-
sylvania, all home to the pharmaceuticals and the chemicals
industries. According to the American Chemistry Council
(ACC 2009), together these states are host to more than
2,000 chemical manufacturing establishments, an increase
of about 500 since 2005, and rank among the top 18 in chem-
icals industry employment. In 2007, chemical manufacturers
accounted for 63% of New Jersey’s business R&D, 59% of
Connecticut’s, and 55% of Pennsylvania’s (table 4-4). These
three states represented more than 41% of the nation’s R&D
in this sector.

The R&D and related-services sector, which consists
largely of biotechnology companies, contract research or-
ganizations, and early-stage technology firms, is also geo-
graphically concentrated, with California, Massachusetts,
and New Jersey accounting for more than 42% of R&D. The
companies in this sector maintain strong ties to the academic
sector and are often located near large research universities
(Stuart and Sorenson 2003).
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Nationally, small companies (those that have from 5
to 499 employees®) performed 19% of total U.S. business
R&D in 2007 (appendix table 4-11). Among the top 10 busi-
ness R&D-performing states, New York and California had
the highest totals of small companies performing business
R&D, with 23% and 20%, respectively, in each state. Small
companies in these two states performed 6% of the nation’s
total business R&D in 2007 (table 4-4).

Business R&D

Businesses perform R&D with a variety of objectives in
mind, but most business R&D is aimed at developing new
and improved goods, services, and processes. R&D expen-
ditures, therefore, indicate the level of effort dedicated to
producing future products and process improvements while
maintaining current market share and increasing operating
efficiency. By extension, such expenditures may reflect
firms’ perceptions of the market’s demand for new and im-
proved technology.

R&D performed by the business sector totaled $269.3
billion in 2007. The federal government funded 9.9%
($26.6 billion) of this total, and company funds and other
private sources financed the remainder (appendix tables
4-11 to 4-13).°

In addition to absolute levels of R&D expenditures, an-
other indicator in the business sector is R&D intensity—that
is, R&D relative to production in a company, industry, or
sector. The measure used most frequently is the ratio of
company-funded R&D to net sales.!” This statistic provides
a way to gauge the relative importance of R&D across indus-
tries and among firms in the same industry. The company-
funded R&D-to-sales ratio of companies in all industries
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performing R&D in the United States varied between 3.2%
and 3.4% during 2003-06; in 2007 it was 3.5% (table 4-5;
appendix table 4-14).

Largest R&D Industries

Benefits from advances in S&T may be broadly shared
among industries; however, different industries perform dif-
ferent amounts of R&D.!! Some industries, such as utility,'
finance, insurance, and real estate, have relatively low R&D

Table 4-5

¢ 4-19

intensities (0.5% or less). Appendix table 4-14 provides data
on ratios of company-funded R&D to net sales for an array
of industries.!® Six industry groups—four in manufacturing
(chemicals, computer and electronic products, aerospace and
defense manufacturing, and automotive manufacturing) and
two in services (software and computer-related, and R&D
services)—accounted for 78% of company-funded business
R&D and 95% of federally funded business R&D in 2007
(table 4-5).1

Business R&D and domestic net sales, by industry: 2006 and 2007

(Millions of current dollars)

Business-
performed R&D Federally funded R&D Company-funded R&D
Industry 2006 2007 2006 2007 2006 2007
Al 247,669 269,267 24,304 26,585 223,365 242,682
Highlighted industries............ccoeeeae 193,956 L 209,116 L 23,352 L 25,355 L 170,606 183,761
Chemicals.......ccceeereeierieieceeene 48,913 50,423 662 663 48,251 49,760
Computer and electronic
products® 46,329 55,571 L 211 252 L 46,119 55,319
Software and computer-related
SEIVICESP ..o 33,831 L 34,079 L 1,048 L 842 32,783 33,237
Aerospace and defense
manufacturing®.........ccoceeeeereeeene. 27,217 L 30,278 L 15,222 L 16,882 L 11,995 13,397
R&D and related services®... 21,104 22,731 6,209 6,716 14,896 16,014
Automotive manufacturing®. 16,562 L 16,034 L NA NA 16,562 16,034
AllOther .....ooeiiiiieeeee 53,713 L 60,151 L 952 L 1,230 L 52,759 58,921
Business-

Domestic net sales

performed R&D/
sales ratio (%)

Company-funded R&D/
sales ratio (%)

2006 2007 2006 2007 2006 2007
All e 6,642,500 7,027,049 3.7 3.8 3.4 3.5
Highlighted industries... .. 2,530,579 2,602,127 7.7 8.0 6.7 71
Chemicals......ccoooevveiiieiiieecieeeeen 524,160 589,918 9.3 8.5 9.2 8.4
Computer and electronic
ProductS?.....c.ceeveeeieeiieciee e 612,885 699,520 7.6 7.9 7.5 7.9
Software and computer-related
SEIVICESP ...oeiiieeiee e esee e 376,638 304,952 9.0 11.2 8.7 10.9
Aerospace and defense
manufacturingC........c.cceeeveeneennnen. 243,110 263,321 11.2 11.5 4.9 5.1
R&D and related services®.............. 86,945 89,166 24.3 25.5 171 18.0
Automotive manufacturinge............ 686,841 655,250 2.4 2.4 2.4 2.4
All OtNET ..o 4,111,921 4,424,922 1.3 1.4 1.3 1.3

L = lower-bound estimate; NA = not available

aIncludes all R&D and domestic net sales for the computer and electronics industry (NAICS 334), except for federal R&D for the navigational, measuring,
electromedical, and control instruments industry (NAICS 3345), which is included in the aerospace and defense manufacturing sector.

®Includes R&D and domestic net sales for software (NAICS 5112) and computer systems design and related service industries (NAICS 5415).

°Includes all R&D for aerospace products and parts (NAICS 3364), plus all federal R&D for navigational, measuring, electromedical, and control
instruments (NAICS 3345), automotive (NAICS 3361-3363), and other transportation manufacturing industries. Domestic net sales are not included for

automotive and other transportation manufacturing industries.

dIncludes R&D and domestic net sales for architectural, engineering, and related services (NAICS 5413) and scientific R&D services industries

(NAICS 5417).

¢Includes all R&D for transportation manufacturing equipment (NAICS 336), except federally funded components that are included in aerospace and

defense manufacturing sector.

NOTE: Potential disclosure of individual company operations only allows lower-bound estimates for some sectors.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Survey of Industrial Research and Development.
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Chemicals (Including Pharmaceuticals)

Among three-digit North American Industry Classifi-
cation System (NAICS) codes, the chemicals industry ac-
counted for the largest amount of R&D performed in the
United States in 2007. Companies in this group performed
$55.6 billion of R&D, with relatively little of it federally
funded. Within the chemicals industry, the largest subsec-
tor is pharmaceuticals and medicines. In 2007, pharmaceuti-
cal companies performed $47.6 billion of company-funded
R&D, representing 86% of nonfederal R&D funding in the
chemicals sector (appendix table 4-12).

A related indicator is reported by the Pharmaceutical Re-
search and Manufacturers of America (PhRMA), an industry
association that represents the country’s leading research-
based pharmaceutical and biotechnology companies. This
association conducts an annual survey of its members to
gather information about R&D. In 2007, PARMA estimated
that its members invested $35.4 billion in R&D performed in
the United States and $9.1 billion in R&D performed abroad.
The total $44.5 billion investment represented 18.7% of do-
mestic sales and 16.4% of global sales (PhRMA 2008a).'
According to PhRMA, U.S. biopharmaceutical research
companies obtained approval for 26 new medicines in 2007
from the U.S. Food and Drug Administration. About 75%
of PARMA members’ domestic R&D investment supports
R&D on projects that originate in their own laboratories, and
25% supports R&D on products licensed from other organi-
zations, notably biotechnology companies, universities, or
the government (PhRMA 2008b).1¢

Computer and Electronic Products

Companies in the computer and electronic product manu-
facturing industry include producers of computers, com-
puter peripherals, communications equipment, and similar
electronic products and producers of components for such
products.'” The design and use of integrated circuits and the
application of highly specialized miniaturization technolo-
gies are common elements in the production processes of the
computer and electronic product sector.

In 2007, companies in this industry performed
$50.4 billion of R&D, or 19% of all business R&D (table
4-5).!8 Company and other nonfederal sources funded almost
all of this R&D. Two of the more R&D-intensive industries,
communications equipment and semiconductor manufactur-
ing, are included in this group. Both devoted more than 10%
of sales to R&D in 2007 (appendix table 4-14).

Software and Computer-Related Services

Software and computer-related services industries, such
as data processing and computer systems design, performed
approximately $33.2 billion of company-funded R&D in
2007. The R&D of these industries (14% of the U.S. busi-
ness sector total), combined with that of the computer and
electronic product manufacturers, accounted for 34% of
all industrial R&D in 2007. As computing and information
technology has become more integrated with every sector of
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the economy, the demand for services associated with these
technologies has increased.

Between 1987 and 2007, R&D expenditures of compa-
nies providing these services grew. In 1987, when an NSF
survey estimate of software and other computer-related ser-
vices R&D first became available, companies classified in
the industry group—computer programming, data process-
ing, other computer-related, engineering, architectural, and
surveying services—performed $2.4 billion of company-
funded R&D, or 3.8% of all company-funded industrial
R&D. In 2007, the company-funded R&D of these indus-
tries (excluding engineering and architectural services) ac-
counted for 13.7% of all company-funded industrial R&D,
and these companies accounted for 4.3% of domestic sales
of R&D-performing companies (table 4-6)."

Table 4-6

Estimated share of computer-related services in
company-funded R&D and domestic net sales of
R&D-performing companies: 1987-2007

(Percent)
Company-funded  Domestic
Year R&D net sales
3.8 1.4
3.6 1.5
3.4 1.4
3.7 1.5
3.6 1.6
4.0 1.6
8.2 1.5
6.6 2.2
8.8 3.3
8.8 2.6
9.1 2.5
9.5 2.2
10.6 2.2
10.9 2.8
13.0 3.5
14.6 5.4
14.3 3.5
14.7 3.0
14.7 3.5
14.7 B.rf
13.7 4.3

NOTES: Before 1998 companies classified in Standard Industrial
Classification (SIC) industries 737 (computer and data processing
services) and 871 (engineering, architectural, and surveying
services). After 1998 companies classified in North American
Industry Classification System (NAICS) industries 5112 (software)
and 5415 (computer systems design and related services). With SIC
classification, information technology services share of company-
funded R&D was 10.4% for 1998, indicating SIC-based data may
overestimate information technology services R&D and net sales
relative to NAICS-based data.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Industrial Research and Development
(annual series), http://www.nsf.gov/statistics/srvyindustry/, accessed
6 May 2009.
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Aerospace and Defense Manufacturing

Although it is common to refer to the “defense industry,”
the NAICS industry classification system does not include
this category. Thus, to approximate the cost of defense-
related R&D, one can focus on aerospace products and
parts, plus federally funded R&D in the following indus-
tries: navigational, measuring, electromedical, and control
instruments; automotive manufacturing; and other transpor-
tation manufacturing industries. Companies in this sector
perform the majority of DOD’s extramural R&D. In 2007,
these industries reported performing $16.9 billion of fed-
erally funded R&D (table 4-5), about 64% of all federally
funded industrial R&D. This total accounts for more than
half of the $30.3 billion that the defense industry as a whole
spent on R&D, including both federal and nonfederal sourc-
es of funds. (See “Federal R&D” for further discussion of
defense R&D.)

R&D and Related Services

The R&D and related-services category includes compa-
nies that provide scientific R&D, engineering, and architec-
tural services to other firms. Also included are businesses
that conduct R&D for their own use (e.g., biotechnology and
other firms that conduct R&D in physical, engineering, and
life sciences) but may not yet have sales. Companies in this
sector performed $6.7 billion of federally funded R&D in
2007, the highest figure outside the aerospace and defense
manufacturing category. Despite the significant amount
of government-sponsored R&D performed by this sector,
R&D and related-services companies increasingly rely on
nonfederal sources of R&D financing. The R&D performed
by companies in the R&D and related-services sector and
funded by company and other nonfederal sources has grown
from $5.8 billion in 1997 to $16 billion in 2007.%° Because
much of the R&D reported by these companies also appears
in their reported sales figures, the R&D intensity of this sec-
tor is particularly high (26% in 2007).?!

Automotive Manufacturing

The sixth-largest business sector in terms of R&D is auto-
motive manufacturing. Companies in this industry reported
performing $16 billion of company-funded R&D in 2007,
accounting for 6% of all such R&D performed by businesses
in the United States.

In 2007, 15 companies in the automotive manufacturing
industry reported company-funded R&D expenditures of
more than $100 million each, collectively representing 83%
of the industry’s R&D (NSF/SRS 2009). In most industries,
large companies perform more R&D than small companies,
but in the automotive manufacturing industry, the distri-
bution of R&D is even more skewed toward large compa-
nies, with the R&D activities of General Motors, Ford, and
DaimlerChrysler dominating the sector. In their reports to
the Securities and Exchange Commission, these companies
noted R&D expenses of $20.8 billion in 2006 (IEEE 2009).
In addition to NSF statistics, other sources of indicators for
business R&D include surveys conducted by the Industrial
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Research Institute (IRI) and companies’ own annual reports.
(See sidebar “Trends in R&D for Industrial Research Insti-
tute Members.”??)

Federal R&D

The government supports S&T through a number of pol-
icy measures, the most direct of which is the conduct and
funding of R&D that would not or could not be conducted
or financed in the private sector. This section presents data
on federally funded R&D activities, on the government’s
contribution to the U.S. R&D infrastructure, and on federal
R&D tax credits, which serve as an indirect means of stimu-
lating R&D in the private sector.

Trends in R&D for Industrial
Research Institute Members

For more than 20 years, the Industrial Research In-
stitute (IRI), a nonprofit association of more than 200
leading, R&D-performing, manufacturing and service
companies, has surveyed its U.S.-based members on
their intentions for the coming year with respect to
R&D expenditures, focus of R&D, R&D personnel,
and other items. Because IRI member companies carry
out a large amount of industrial R&D in the United
States, the results of these surveys help identify broad
trends in corporate R&D strategies.

The most recent survey, administered during the
summer of 2008, suggests that many companies con-
tinue to shift the focus of their R&D spending away
from directed basic research and the support of ex-
isting business to new business projects (IRI 2009).
As reflected in IRI’s Sea Change Index,* IRI survey
respondents also reported the following plans and ex-
pectations for 2009:

4 Increase outsourcing of R&D to other companies

4 Increase outsourcing to universities and participa-
tion in academic consortia

4 Increase outsourcing to federal laboratories

4 Increase participation in alliances and joint R&D
ventures

4 Increase acquisition of technological capabilities
through mergers and acquisitions

4 Increase spin-offs based on developed technology

4 Maintain total company expenditures for R&D

4 Maintain level of technology licensing to others
Overall, these strategic moves are consistent with

companies’ expectations of flat R&D budgets.

*IRI states that its Sea Change Index likely “understates the ab-
solute value of change,” but the association believes it to be a “good
indicator of the direction of change.” See IRI (2009) for details.
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R&D Funding in Current Federal Budget

The budget appropriations for federal spending on
R&D in FY 2009 (signed into law in March 2009) to-
taled $147.1 billion (table 4-7), an increase of $3.3 bil-
lion, or 2.3%, over the enacted FY 2008 spending level of
$143.7 billion. The president’s proposed FY 2010 budget
includes requests for spending on R&D of $147.6 billion,
an increase of $0.6 billion, or 0.4%, over the appropriated
FY 2009 level.

In addition, a one-time but sizable increase in budget
authority for federal R&D was provided by the American

Table 4-7
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Recovery and Reinvestment Act (ARRA) (Public Law
111-5) in early 2009. In a preliminary estimate (May 2009),
the White House’s Office of Science and Technology Pol-
icy placed the overall increase of federal R&D and R&D
infrastructure funding from ARRA at about $18.3 billion in
FY 2009 (table 4-7).

Adjusted for inflation, the enacted federal budget for
FY 2009 represents a 0.8% increase in constant dollars. The
increase proposed by the president for FY 2010 represents a
constant-dollar decline of 0.6%. The ARRA funding is a siz-
able increase, whether in current-dollar or inflation-adjusted

Federal budget authority for R&D and R&D plant: FY 2008-10

(Millions of current dollars)

FY 2008 FY 2009 FY 2009 FY 2010 Annual change (%)°

Performer/character of work Actual Enacted ARRA? Requested 2008-09 2009-10
All R&D, R&D facilities and equipment................... 143,746 147,065 18,335 147,620 2.3 0.4
DOD (MilItary)..c..ceevereeseeseeeseeeeeeese e 82,278 81,616 300 79,687 -0.8 2.4
HHS e 29,265 30,415 11,103 30,936 3.9 1.7
28,547 29,748 10,400 30,184 4.2 1.5
718 667 703 752 71 12.7
11,182 10,401 925 11,439 -7.0 10.0
9,807 10,621 2,446 10,740 8.3 1.1
4,580 4,857 2,900 5,312 6.0 9.4
2,336 2,421 176 2,272 3.6 —6.2
1,160 1,292 411 1,330 11.4 2.9
625 700 1 644 12.0 -8.0
498 550 410 637 10.4 15.8
960 1,020 0 1,160 6.3 13.7
995 1,096 0 1,125 10.2 2.6
875 913 0 939 4.3 2.8
683 692 74 730 1.3 5.5
586 611 74 649 4.3 6.2
551 580 0 619 5.3 6.7
313 323 0 384 3.2 18.9
761 818 0 947 7.5 15.8
56,026 58,647 13,285 59,023 4.7 0.6
28,613 29,881 11,365 30,884 4.4 3.4
Applied 27,413 28,766 1,920 28,139 4.9 2.2
Development 83,254 83,887 1,408 84,054 0.8 0.2
R&D facilities and equipment ........cc.cccceveiieneiineens 4,466 4,531 3,642 4,543 1.5 0.3
Defense R&D ........cocceviiiiiieiiieeeeeese e 84,337 85,426 300 83,760 1.3 -2.0
Nondefense R&D.........coeevuererieneenieneerieseesieneeenes 59,409 61,639 18,035 63,860 3.8 3.6

All R&D, R&D facilities and equipment

(2000 constant $MIllioNS).......ccevveeerereeeerereeerinene 117,286 118,267 14,745 117,632 0.8 -0.6

ARRA = American Recovery and Reinvestment Act; DHS = Department of Homeland Security; DOC = Department of Commerce; DOD = Department
of Defense; DOE = Department of Energy; DOI = Department of the Interior; DOT = Department of Transportation; ED = Department of Education;

EPA = Environmental Protection Agency; HHS = Department of Health and Human Services; NASA = National Aeronautics and Space Administration;
NIH = National Institutes of Health; NIST = National Institute of Standards and Technology; NOAA = National Oceanic and Atmospheric Administration;
NSF = National Science Foundation; USDA = U.S. Department of Agriculture; USGS = U.S. Geological Survey; VA = Department of Veterans Affairs

2Based on preliminary allocations of ARRA. These figures may change.

“Excludes appropriations from ARRA. Change is FY 2008 actual appropriations to FY 2009 enacted appropriations; FY 2009 enacted appropriations to

FY 2010 requested appropriations.

SOURCES: Office of Management and Budget, Budget of the United States Government for Fiscal Year 2010, 7 May 2009; and Office of Science and
Technology Policy, Executive Office of the President, Federal R&D, Technology, and STEM Education in the 2010 Budget, 7 May 2009.
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terms. The overall effects on the growth of federal R&D
funding in either year depends on whether added spending
under ARRA occurs in FY 2009 or FY 2010.

The largest increases among the agencies in the FY 2009
budget for R&D go to the National Institutes of Health
(NTH), with an increase of $1.2 billion; the Department of
Energy (DOE), up $814 million; and NSF, up $277 million
(table 4-7). These same agencies are also major recipients
of ARRA funds (table 4-7): $10.4 billion to NIH for added
biomedical research and laboratory renovation and construc-
tion; $2.9 billion to NSF for increased basic research, educa-
tion and human resources, research facility construction, and
research instrumentation; and $2.4 billion to DOE for new
collaborations at the frontiers of energy research and infra-
structure investments at the national laboratories. In addition,
$925 million goes to the National Aeronautics and Space
Administration (NASA) for accelerated activities in earth
science climate research missions and the development of a
next-generation air transport system. Another $410 million
goes to the National Institute of Standards and Technology
(NIST) for new standards research, advanced measurement
equipment, and construction of research facilities.

The president’s FY 2010 proposal for federal R&D notes
investment priorities in four main areas, as follows:

4 Sciences for a prosperous America—increased federal
support for basic research. This focus recognizes that new
fundamental knowledge and technology have often fu-
eled the creation of new industries with associated high-
technology and high-wage jobs.

# A clean energy future—expanded investment in research,
development, demonstration, and deployment of clean en-
ergy technologies to help reduce U.S. dependence on oil,
create green jobs, and limit the impact of climate change.
(See sidebar “Public Investment in Energy R&D.”)

# Healthy lives for all Americans—increased funding for
biomedical and health research.

¢ A safe and secure America—development of better sci-
ence and technology to improve the prediction and pre-
vention of, and the reaction to, destabilizing or paralyzing
natural and man-made threats; improve capabilities for
biodefense; and monitor nuclear nonproliferation com-
pliance and prevent the surreptitious entry of weapons of
mass destruction (OSTP 2009).

Federal R&D Budget by National Objectives

To assist Congress and the president in evaluating and
setting the federal budget and its components, the Office of
Management and Budget classifies agency budget requests
into specific categories called budget functions. Budget
functions represent a wide range of national objectives that
the government wants to advance, from defense to health to
transportation.
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Defense-Related R&D

In the FY 2008 budget, defense was the largest budget
function, accounting for $81.1 billion (current dollars),
or 59% of the federal R&D budget (appendix table 4-17).
Nondefense functions totaled $56.9 billion. Defense R&D
is supported by DOD, DOE, and the Department of Home-
land Security (DHS), with DOD accounting for $78 billion
in FY 2008.

The proportional split between defense and nondefense
R&D has fluctuated over the past several decades (figure
4-7). In FY 1980, federal budget authority for defense-relat-
ed R&D roughly equaled nondefense R&D. During the next
several years, however, defense R&D expanded rapidly. By
FY 1985, defense R&D budget authority more than doubled
that of nondefense R&D. In contrast, between 1986 and
2001 nondefense surged, and the gap between defense and
nondefense R&D budgets shrank almost every year. In FY
2001, the defense budget function represented 53% of the
federal R&D budget. The trend reversed yet again after Sep-
tember 11, 2001, as defense R&D became more prominent,
accounting for 59% of the federal R&D budget in FY 2008.

Civilian-Related R&D

The most dramatic change in federal R&D priorities over
the past 25 years has been the increase in health-related
R&D (figure 4-7), which rose from 25% of the federal non-
defense R&D budget allocation in FY 1980 to 55% in FY
2005. Growth accelerated after 1998, when policymakers
set the NTH budget on course to double by FY 2003. In FY
2008, health-related R&D represented 52% of nondefense
R&D, even though recent increases have been below the
level of inflation.

The budget allocation for space-related R&D peaked in
the 1960s, during the height of the nation’s efforts to sur-
pass the Soviet Union in space exploration. The loss of the
Space Shuttle Columbia and its entire crew in February 2003
prompted curtailment of manned space missions. In more
recent years, NASA’s nondefense R&D budget share has in-
creased, growing from 14% in FY 2005 to 17% in FY 2008.
Nearly 58% of NASA’s $17 billion budget in FY 2008 was
allocated for R&D; adjusted for inflation, the space-related
R&D total was higher in FY 2008 than at any time since
FY 1999.

Federal nondefense R&D classified as general science
had about a 9% share in the mid 1990s, growing to 14% in
FY 2008. However, this change reflected chiefly a reclas-
sification of several DOE programs from energy to general
science in FY 1998.

With respect to the federal budget for basic research, 94%
of the funding in FY 2008 resided in nondefense budget
functions (appendix table 4-18). In large part, this reflects the
budgets of agencies with nondefense objectives such as gen-
eral science (notably NSF), health (NIH), and space research
and technology (NASA). Over the past several years, budget
authority for basic research (which is not equivalent to gen-
eral science R&D) has been flat after adjusting for inflation.
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Public Investment in Energy R&D

International public investment in energy research,
development, and demonstration (hereafter R&D) has
grown by about 30% over the 1997-2007 period, from
$8.6 billion to $11.3 billion in inflation-adjusted dollars
(figure 4-A). The data reflect annual energy R&D re-
ports, by technology type, submitted by member govern-
ments of the International Energy Agency (IEA). These
data provide insight into governmental R&D priorities in
this area. The data do not include industry-funded activi-
ties in the listed energy types, nor do they cover broader
activities that seek energy savings or reductions in such
areas as industrial production and automotive and air-
craft design.

The U.S. and Japanese governments reported by far
the largest energy R&D government funds, fluctuating
around 30% of the reported IEA total for the United States
and declining from 38% to 30% for Japan. France, Ger-
many, and the United Kingdom, which are very broadly
similar in overall R&D spending, committed very dif-
ferent public investments to energy R&D, with France’s
funding being much larger than expected relative to the
other two countries. South Korea invested more than the
combined total of the United Kingdom and Germany.

Figure 4-A

Energy R&D budgets of national governments of
selected IEA members: 1997-2007

[dU.S. MJapan [JGermany MFrance [JUK [HdCanada
[JKorea ENorway HSweden I All others

2007 U.S. PPP dollars (millions)

12,000

0 L L L L L L L L L

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
|IEA = International Energy Agency; PPP = purchasing power parity;
R&D = research, development, and demonstration
SOURCE: IEA, http://wds.iea.org, accessed 31 July 2009.
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The biggest energy type is nuclear fission and
fusion (figure 4-B), which consumed 38% of the 2007
amount—down from 48% in 1997—and showed share
losses in many major countries: from 75% to 65% in Ja-
pan, from 92% to 60% in France, and from 56% to 33%
in Germany. In the United States, the energy share of
nuclear fission/fusion rose from a low of 10% in 2002
to 18% in 2007—still well below the level of most other
major countries.

R&D in hydrogen and fuel cell energy is of most re-
cent vintage. It represented about 7% of the IEA 2007 to-
tal; Canada stood out with 16% of its energy R&D funds
in hydrogen and fuel cell technology. R&D in renewable
energy has slowly risen to about 12% of the total, from
8% a decade ago; the United Kingdom led in renewable
energy, with an increase from 9% to 36%; Sweden’s level
was high at 33%, as was Germany’s at 22%.

The quest for energy efficiency received a fairly steady
13% of total energy R&D budgets, although the budget
share was less in Germany, France, and the United King-
dom. All other technologies combined averaged about
20% but garnered twice that level in the United States
and much less than the IEA average in Japan and France.

Figure 4-B

Combined energy R&D budgets of IEA members,
by technology type: 1997-2007

Percent

50

“..Nuclear fission/fusion

All others

L Fossil fuels

. fuel cells
0 1 1 | L 1 1 | | |

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

|IEA = International Energy Agency; R&D = research, development,
and demonstration

NOTE: Percentage of totals reported by all IEA members.
SOURCE: IEA, http://wds.iea.org, accessed 31 July 2009.
Science and Engineering Indicators 2010



Science and Engineering Indicators 2010

Figure 4-7
Federal R&D budget authority, by budget function:
FY 1980-2008
Budget function
Constant FY 2000 dollars (billions)
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NOTES: Figures for FY 2008 are preliminary. Other includes all
nondefense functions not separately graphed, such as agriculture
and transportation. 1998 increase in general science and decrease in
energy, and 2000 decrease in space were results of reclassification.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Federal R&D Funding by Budget Function:
Fiscal Years 2007-09. See appendix table 4-17.
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In FY 2003, basic research budget authority was $23.8 bil-
lion (constant 2000 dollars); in FY 2008, $23.4 billion.

Federal Spending on R&D by Agency

Federal R&D obligations totaled an estimated $114.6 bil-
lion in FY 2008 (the most recent year for which complete
data are available). An additional $1.8 billion was obligated
for R&D plant (facilities and equipment). Federal obliga-
tions for R&D have increased annually on a current-dollar
basis since the early 1990s, but when adjusted for inflation,
the increases flatten out after FY 2005 (appendix table 4-19).

More than 20 federal agencies fund R&D in the United
States. In FY 2008, seven agencies committed more than
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$1 billion each for R&D (figure 4-8; table 4-8; table 4-9; ap-
pendix table 4-20). These agencies accounted for about 96%
of total federal R&D obligations that year.

Department of Defense

DOD funds more than half of all federal R&D, having
provided an estimated $58.7 billion (51%) in FY 2008. Of
this total, $51.8 billion, or 88%, went to development, the
majority ($45.8 billion) being allocated for “major systems
development,” which includes the primary activities for de-
veloping, testing, and evaluating combat systems.

Extramural performers received 71% of DOD’s R&D ob-
ligations ($41.8 billion), the bulk going to industrial firms
($38.6 billion). DOD accounted for about 84% of all federal
R&D funding to industry in FY 2008. DOD intramural R&D
accounted for 26%, and FFRDC R&D accounted for 3%.

Department of Health and Human Services

The Department of Health and Human Services (HHS)
is the primary federal source of funding for health-related
R&D. In FY 2008, it obligated an estimated $29.7 billion,
or 26% of all federal R&D, most ($28.5 billion) being R&D
funding by NIH. HHS R&D funding is almost entirely al-
located for research (almost 54% for basic and 46% for ap-
plied). Development activities accounted for less than 1% of
the HHS total.

Extramural performers accounted for 80% ($23.8 bil-
lion) of FY 2008 HHS R&D obligations. Universities and
colleges received $17.1 billion; other nonprofit research or-
ganizations, $4.4 billion. HHS provided about 67% of all
federal R&D funds distributed to universities and colleges
in FY 2008 and 74% of federal R&D funds distributed to
nonprofit institutions.

Department of Energy

DOE obligated an estimated $8.2 billion to R&D in
FY 2008, 7% of the federal R&D total. Research accounted
for 76% of these obligations (40% for basic and 36% for
applied). FFRDCs received about 66% of DOE R&D obli-
gations. Many of DOE’s research activities require special-
ized equipment and facilities available only at its intramural
laboratories and FFRDCs. Accordingly, DOE invests more
resources in FFRDCs than other agencies. In FY 2008,
DOE funds accounted for 59% of all federal R&D obliga-
tions to FFRDCs.

National Aeronautics and Space Administration

NASA obligated an estimated $6.2 billion to R&D in
FY 2008, 5% of the federal R&D total. Of this R&D support,
66% funded development activities; 21%, basic research;
and 13%, applied research. Extramural R&D (chiefly by
industry performers) accounted for 64% of NASA’s R&D
obligations in FY 2008. Agency intramural activities repre-
sented 19%—and FFRDC activities, another 17% —of the
NASA R&D total.
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Figure 4-8
Projected federal obligations for R&D, by agency and character of work: FY 2008
Other than DOD Other DOD
OC1% 4%
Development 12% USDA 2%
NSF 4%
NASA 5%

Applied research 40%
DOE 7%

Major systems
development 78%
DOD 51%

Basic research 47%

Advanced
IRl 288 technology
development 10%

Applied research 9%

Basic research 3%

DOC = Department of Commerce; DOD = Department of Defense; DOE = Department of Energy; HHS = Department of Health and Human Services;
NASA = National Aeronautics and Space Administration; NSF = National Science Foundation; USDA = Department of Agriculture

NOTE: Detail may not add to total because of rounding.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Federal Funds for Research and Development: Fiscal Years 2007-09.
See appendix table 4-30.
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Table 4-8

Federal obligations for research and development, by agency and character of work: FY 2008
(Millions of current dollars)

Obligations Basic Applied Basic Applied  Development
Agency for total R&D  research research  Development research (%) research (%) (%)
114,625 27,559 27,538 59,528 24.0 24.0 51.9
58,676 1,510 5,345 51,821 2.6 9.1 88.3
29,657 15,989 13,594 74 53.9 45.8 0.2
8,212 3,243 2,917 2,052 39.5 35.5 25.0
6,243 1,298 829 4,117 20.8 13.3 65.9
4,031 3,692 340 0 91.6 8.4 0.0
2,357 990 1,197 170 42.0 50.8 7.2
1,062 108 861 93 10.2 81.1 8.8
885 3 638 245 0.3 72.0 27.7
847 191 77 579 22.5 9.1 68.3
625 43 513 68 6.9 82.1 10.9
557 97 379 81 17.4 68.1 145
480 211 246 23 44.0 51.2 4.8
325 4 202 119 1.3 62.0 36.7
148 148 0 0 100.0 0.0 0.0
138 6 132 0 41 95.9 0.0
382 26 270 86 6.9 70.6 22.5

AID = Agency for International Development; DHS = Department of Homeland Security; DOC = Department of Commerce; DOD = Department of
Defense; DOE = Department of Energy; DOI = Department of the Interior; DOT = Department of Transportation; ED = Department of Education; EPA =
Environmental Protection Agency; HHS = Department of Health and Human Services; NASA = National Aeronautics and Space Administration; NSF =
National Science Foundation; USDA = U.S. Department of Agriculture; VA = Department of Veterans Affairs

NOTES: Table lists all agencies with R&D obligations greater than $100 million in FY 2008. Figures for FY 2008 are preliminary.
SOURCE: NSF, Division of Science Resources Statistics, Federal Funds for Research and Development: Fiscal Years 2007-09.
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Table 4-9
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Federal obligations for research and development, by agency and performer: FY 2008

(Millions of dollars)

Agency Extramural

Obligations Agency Extramural intramural performers
Agency for total R&D intramural FFRDCs performers (%) FFRDCs (%) (%)
114,625 26,828 9,171 78,627 23.4 8.0 68.6
58,676 15,066 1,770 41,840 25.7 3.0 71.3
29,657 5,287 527 23,843 17.8 1.8 80.4
8,212 678 5,400 2,135 8.3 65.8 26.0
6,243 1,198 1,077 3,969 19.2 17.2 63.6
4,032 16 207 3,808 0.4 5.1 94.5
2,357 1,497 0 860 63.5 0.0 36.5
1,062 830 1 231 78.2 0.1 21.7
885 250 17 618 28.3 1.9 69.8
847 225 148 475 26.6 17.4 56.0
625 532 0 93 85.2 0.0 14.8
557 407 0 150 731 0.0 26.9
480 480 0 0 100.0 0.0 0.0
325 13 0 312 4.0 0.0 96.0
148 148 0 0 100.0 0.0 0.0
138 17 0 121 12.5 0.0 87.5
382 183 25 174 47.9 6.5 45.7

AID = Agency for International Development; DHS = Department of Homeland Security; DOC = Department of Commerce; DOD = Department of
Defense; DOE = Department of Energy; DOI = Department of the Interior; DOT = Department of Transportation; ED = Department of Education; EPA

= Environmental Protection Agency; FFRDC = federally funded research and development center; HHS = Department of Health and Human Services;
NASA = National Aeronautics and Space Administration; NSF = National Science Foundation; USDA = U.S. Department of Agriculture; VA = Department

of Veterans Affairs

NOTES: Table lists all agencies with R&D obligations greater than $100 million in FY 2008. Figures for FY 2008 are preliminary. Total R&D is basic
research, applied research, and development; does not include R&D plant. Intramural activities include actual intramural R&D performance and costs
associated with planning and administration of both intramural and extramural programs by federal personnel. Extramural performers includes federally
funded R&D performed in the United States and U.S. territories by industry, universities and colleges, other nonprofit institutions, state and local

governments, and foreign organizations.

SOURCE: NSF, Division of Science Resources Statistics, Federal Funds for Research and Development: Fiscal Years 2007-09.

National Science Foundation

NSF obligated an estimated $4 billion for research in FY
2008. About 92% of NSF’s support funded basic research,
and 95% funded extramural performers, chiefly universities
and colleges ($3.3 billion). NSF is the federal government’s
primary source of funding for academic, basic S&E research
and the second-largest federal source (after HHS) of R&D
funds for universities and colleges.

Department of Agriculture

The U.S. Department of Agriculture (USDA) obligated
an estimated $2.4 billion for R&D in FY 2008, with the main
focus on life sciences. The agency is also one of the largest
research funders in the social sciences, particularly agricul-
tural economics. Of USDA’s total obligations for FY 2008,
about 64% ($1.5 billion) funded intramural R&D, chiefly
the Agricultural Research Service.

Department of Commerce

The Department of Commerce (DOC) obligated an esti-
mated $1.1 billion for R&D in FY 2008, mainly for the R&D
activities of the National Oceanic and Atmospheric Admin-
istration and NIST. Research accounted for 91% of the R&D
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for the department as a whole (10% for basic research and
81% for applied research); 78% of the total was for intramu-
ral R&D; and almost 22% supported extramural performers,
primarily universities and colleges.

Other Agencies

Of the other R&D-funding agencies, eight obligated
between $100 million and $1 billion for R&D in FY 2008
(table 4-8). This group included the Departments of Trans-
portation, Homeland Security, the Interior, Veterans Affairs,
and Education; the Environmental Protection Agency; the
Smithsonian Institution; and the Agency for International
Development. These agencies also varied with respect to
the character of the research and the roles of intramural,
FFRDC, and extramural performers.

Federal Spending on R&D by Performer

Academia

The federal government has historically been the pri-
mary source of funding for R&D performed by universities
and colleges. Federal obligations for academic R&D in FY
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Figure 4-9

Federal obligations for R&D, by performing sector:
FY 1955-2008
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, Federal Funds for Research and Development:
Fiscal Years 2007-09.

Science and Engineering Indicators 2010

2008 totaled an estimated $25.7 billion (current dollars). As
figure 4-9 illustrates, federal funding for academic R&D
generally has increased over the long term. In FY 1955, fed-
eral obligations for academic R&D stood at $0.8 billion in
constant 2000 dollars and accounted for 7% of all federal
R&D funding. In FY 1985, federal obligations to this sec-
tor were $9.4 billion, 13% of all federal R&D funding. The
corresponding figures for FY 2008 were $21.5 billion and
23%, respectively.

Federal funding of academic R&D grew rapidly after
FY 1998, the result of a successful bipartisan effort to double
the budget of NIH from its FY 1998 level over the following
5 years. Since FY 2004, however, federal R&D obligations to
universities and colleges have failed to keep pace with infla-
tion. (For additional details on academic R&D, see chapter 5.)

Business

Federal obligations for R&D performed by businesses to-
taled an estimated $46.0 billion in FY 2008. For decades, the
business sector has consistently received the bulk of federal
R&D funds (figure 4-9).

Space program investments in the 1960s fueled the
growth of federal obligations for business R&D, but after
the successful Apollo 11 mission to the moon, R&D obliga-
tions to industry declined. A decade later, Cold War invest-
ments in military technology resulted in a renewed period
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of growth. Similarly, military investment in the aftermath
of September 11, 2001, has increased the flow of federal
R&D funding to industry. Adjusting for inflation, federal
R&D obligations to industry increased by 42% from FY
2001 to 2008.

The amount of federally funded R&D reported by indus-
try began to diverge from the amount reported by the fed-
eral government beginning in FY 1989. For details on this
discrepancy, see the sidebar “Tracking R&D: The Gap Be-
tween Performer- and Source-Reported Expenditures.”

Federal Intramural R&D

Federal obligations for federal intramural R&D totaled an
estimated $26.8 billion in FY 2008. These funds supported
R&D performed at federal agencies’ intramural laboratories,
as well as the costs associated with the planning and admin-
istration of both intramural and extramural R&D projects.

Among individual agencies, DOD funds the most intramu-
ral R&D, having accounted for 56% of all federal obligations
for intramural R&D in FY 2008 (table 4-9). DOD’s intramu-
ral R&D obligations are almost three times those of HHS, the
second-largest performer of federal intramural R&D. Only
two other agencies reported intramural R&D obligations of
more than $1 billion in FY 2008: NASA and USDA.

FFRDCs

Unique organizations in the federal R&D system,
FFRDCs were established to help the U.S. government meet
special long-term research or development needs that could
not be met as effectively by existing in-house or contrac-
tor resources. They were first established during World War
II to assist DOD and DOE with R&D on nuclear weapons.
Today, FFRDCs perform R&D for both defense and civil-
ian applications across a broad range of S&E fields. Of the
37 currently active FFRDCs (appendix table 4-22), 16 are
sponsored by DOE, the most of any federal agency. These
16 organizations accounted for about 69% of the R&D obli-
gations of all FFRDCs combined in FY 2007.

Five FFRDCs reported R&D obligations of more than
$600 million in FY 2007: Los Alamos National Labora-
tory (DOE), Jet Propulsion Laboratory (NASA), Lawrence
Livermore National Laboratory (DOE), Sandia National
Laboratory (DOE), and Oak Ridge National Laboratory
(DOE). These five accounted for 55% of the FFRDC total
that year. Los Alamos National Laboratory and Lawrence
Livermore National Laboratory are the only two laboratories
in the United States where research on the nation’s nuclear
stockpile is conducted.

Federal Spending on Research by Field

Federal agencies fund research (that is, basic research
plus applied research, excluding development) in a wide
range of S&E fields, from physics and mathematics to aero-
nautical engineering to sociology. Furthermore, the share of
funding for research differs by field, as do the trends in fund-
ing over time.
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Tracking R&D: The Gap Between Performer-
and Source-Reported Expenditures

In some OECD countries, including the United States, Figure 4-C
figures for total government R&D support reported by Discrepancy in U.S. performer-reported and
government agencies differ from those reported by per- agency-reported federal R&D: 1980-2007
formers of R&D work. In keeping with international Porcent All performers
guidance and standards, most countries’ national R&D 20

expenditure totals and time series are based primarily on
data reported by performers (OECD 2002). Differences
may be expected between funder and performer series for
many reasons, such as different bases used for reporting
government obligations (fiscal year) and performance ex-
penditures (calendar year). Nonetheless, the gap between
the two U.S. R&D series has widened over the past de- L
cade or more.

During the mid-1980s, performer-reported federal
R&D in the United States exceeded federal reports of T
funding by $3 to $4 billion annually (5% to 10% of the
government total). This pattern reversed itself toward
the end of the decade; in 1989, the government-reported ol
R&D total exceeded performer reports by $1 billion. For 1980 1984 1988 1992 1996 2000 2004 2008
FY 2007, federal agencies reported obligating $114 bil-
lion in total R&D to all R&D performers ($44 billion to
the business sector), compared with $101 billion in federal
funding reported by the performers of R&D ($27 billion
by businesses). In other words, the business-reported to-
tal was approximately 40% smaller than the federally re-
ported R&D support to industry in FY 2007 (figure 4-C).
The difference in federal R&D totals resided primarily in
DOD funding of development activities by industry.

Several investigations into the possible causes for the
data gap have produced insights but no conclusive expla-
nation. According to a General Accounting Office inves-
tigation (GAO 2001):

Because the gap is the result of comparing two dis-

Industrial performers

similar types of financial data [federal obligations —60

. : 1980 1984 1988 1992 1996 2000 2004 2008
and performer expenditures], it does not neces-
sarily reflect poor quality data, nor does it reflect NOTE: Difference defined as percentage of federally reported R&D,

with positive difference indicating that performer-reported R&D

whether performers are receiving or spending all exceeds agency-reported R&D.

the federal R&D funds obligated to them. Thus,

SOURCES: National Science Foundation, Division of Science

even if the data collection and reporting issues were Resources Statistics (NSF/SRS), National Patterns of R&D Resources
addressed, a gap would still exist. (annual series); and NSF/SRS, Federal Funds for Research and
. . . Development: Fiscal Years 2007-09 (forthcoming). See appendix
Echoing this assessment, the National Research Coun- table 4-21.
cil (2005a) noted that comparing federal outlays for R&D Science and Engineering Indicators 2010

(as opposed to obligations) to performer expenditures re-
sults in a smaller discrepancy. In FY 2007, federal agen-
cies reported total R&D outlays of $109 billion.

In FY 2008, an estimated $55.1 billion (48%) of the next-largest amounts were engineering ($9.4 billion, 17%)
$114.6 billion for all R&D supported research. Of this to- and the physical sciences ($5.2 billion, 10%), followed by
tal, $29.7 billion (54%) supported research in the life sci- environmental sciences ($3.3 billion, 6%), and mathematics
ences (figure 4-10; appendix table 4-23). The fields with the and computer sciences ($3.3 billion, 6%). The balance of
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Figure 4-10
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Federal obligations for research, by agency and major S&E field: FY 2008
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Health and Human Services; NASA = National Aeronautics and Space Administration; NSF = National Science Foundation; USDA = Department of

Agriculture

NOTES: Scale differs for total and HHS compared to the other agencies listed. Figures for FY 2008 are preliminary. Research includes

basic and applied research.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Federal Funds for Research and Development: Fiscal Years 2007-2009.

See appendix table 4-283.

federal obligations for research in FY 2008 supported the
social sciences, psychology, and all other sciences ($4.2 bil-
lion overall, 8% of the total for research).

HHS, primarily through NIH, accounted for the largest
share (54%) of federal obligations for research in FY 2008.
Most of this amount funded research in medical and relat-
ed life sciences. The five next-largest federal agencies for
research funding that year were DOD (12%), DOE (11%),
NSF (7%), USDA (4%), and NASA (4%).

DOD’s research funding emphasized engineering
($3.7 billion), and mathematics and computer sciences
($1.2 billion). DOE provided substantial funding for re-
search in the physical sciences ($2.4 billion) and engineer-
ing ($2.2 billion), whereas USDA’s research funding was
chiefly directed at the life sciences ($1.8 billion). NASA’s
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research funding emphasized engineering ($0.8 billion), fol-
lowed by the physical sciences ($0.6 billion) and environ-
mental sciences ($0.5 billion). NSF, which has a mission to
“promote the progress of science,” had a relatively balanced
research portfolio, contributing between $0.6 and $0.8 bil-
lion to researchers in each of the following fields: mathemat-
ics and computer sciences, physical sciences, engineering,
environmental sciences, and life sciences.

From 1986 to 2008, real growth in federal obligations for
research averaged 3.2% per year, increasing from $23.1 bil-
lion in 2000 dollars in FY 1986 to $45.0 billion in FY 2008
(appendix table 4-24). The fields that experienced higher-
than-average growth during this period were mathematics
and computer sciences (5.5% per year in real terms), life
sciences (4.8%), and psychology (5.8%). Funding for the
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remaining fields also grew at a faster rate than inflation over
this period: social sciences (1.9%), engineering (1.8%), and
environmental sciences (1.3%).

Federal R&D Tax Credits

Background

Contributions of R&D to economic growth and social
welfare, along with likely underinvestment by private per-
formers, given the difficulty in fully appropriating R&D
benefits, are often cited as reasons for justifying public sup-
port for R&D (NRC 2005b).2 In addition to direct govern-
ment funding discussed earlier in this chapter, fiscal policy
tools used to provide such support include tax incentives.*
The federal government offers several corporate tax incen-
tives for qualified R&D expenditures including a deduction
under Internal Revenue Code (IRC) section 174 (C.F.R.
Title 26) and a tax credit under section 41. As of 2006, at
least 32 states also offered credits for company-funded R&D
(NSB 2008; Wilson forthcoming). This section focuses on
business R&D tax credits at the federal level.

The research and experimentation (R&E) tax credit,
established by the Economic Recovery Tax Act of 1981
(Public Law 97-34), covers R&D activities performed in
the United States by domestic and foreign-owned firms but
excludes R&D conducted abroad by U.S. companies. It is
subject to periodic extensions and, at the time of writing,
was last renewed by the Emergency Economic Stabilization
Act of 2008% through 31 December 2009.

The R&E tax credit encompasses a regular credit, as
well as credits for payments for basic research to qualified
universities, scientific research organizations, or grant or-
ganizations, and for payments to energy research consortia.
Under the regular credit, companies can take a 20% credit
for qualified research above a base amount for activities un-
dertaken in the United States (IRC section 41(a)(1)).2¢ Thus,
the regular credit is characterized as a fixed-base incremen-
tal credit. An incremental design is intended to encourage
firms to spend more on R&D than they otherwise would by
lowering after-tax costs. At the same time, the actual or ef-
fective credit rate for corporate taxpayers is lower than 20%
because of limitations involving deductions under IRC sec-
tion 174 (Guenther 2008).”’

Federal Corporate Tax Credit Claims

According to the IRS Statistics of Income Division
(SOID),” U.S. companies claimed an estimated $7.3 billion in
federal R&E tax credits in 2006, involving close to 11,000
corporate tax returns, compared with $6.4 billion in 2005
(table 4-10).” The proportion of R&E credits going to cor-
porations with business receipts of $250 million or more has
fluctuated narrowly between 75% and 80% since 2003 and
was 75% in 2006.%°

For all industries, the size of R&E claims was about 3.3%
relative to company-funded R&D in 2006, a proportion that
has changed little in recent years (figure 4-11). Appendix
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tables 4-25 and 4-26 show data by NAICS industry up to
2005 (latest available year by detailed industry). Five indus-
tries accounted for about three-quarters of R&E credit claims
in 2005. These industries had much higher ratios of R&E
claims to industry-funded R&D: computer and electronic
products (26%); chemicals, including pharmaceuticals and

Table 4-10
Federal research and experimentation tax credit
claims and corporate tax returns claiming credit:
1990-2006

Tax credit claims

Year ($millions) Tax returns
1990.. 1,547 8,699
1991.. 1,585 9,001
1992 1,515 7,750
1993 1,857 9,933
1994.. 2,423 9,150
1995 1,422 7,877
1996 2,134 9,709
1997.. 4,398 10,668
1998.. 5,208 9,849
1999.. 5,281 10,019
2000 7,079 10,495
P2{0 [0 P 6,356 10,389
2002.. 5,656 10,254
2003 5,488 10,369
2004 5,554 10,244
2005.. 6,363 11,290
2006.. 7,311 10,788

SOURCE: Internal Revenue Service, Statistics of Income,
special tabulations (historical data), http://www.irs.gov/taxstats/
article/0,,id=164402,00.html| (2006), accessed 19 June 2009.
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Figure 4-11

Research and experimentation credit claims as
percentage of industry-funded R&D: 1990-2006
Percent
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SOURCES: Internal Revenue Service, Statistics of Income, special
tabulations; and National Science Foundation, Survey of Industrial
Research and Development (annual series).
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Comparing International R&D Expenditures

Comparisons of international R&D statistics are ham-
pered by the lack of R&D-specific exchange rates. If
countries do not share a common currency, some conver-
sion must be made to compare their R&D expenditures.
Two approaches are commonly used to facilitate inter-
national R&D comparisons: (1) normalize national R&D
expenditures by dividing by GDP, thereby obviating the
need for currency conversion altogether or (2) convert all
foreign-denominated expenditures to a single currency,
resulting in indicators of absolute effort. The first method
is a straightforward calculation but permits only gross
national comparisons of R&D intensity. The second
method permits absolute-level comparisons and analyses
of countries’ sector- and field-specific R&D, but it entails
choosing an appropriate method of currency conversion.

Because no widely accepted R&D-specific exchange
rates exist, the choice is between market exchange rates
(MERs) and purchasing power parities (PPPs). These
rates are the only series consistently compiled and avail-
able for a large number of countries over an extended pe-
riod of time.

MERs. At their best, MERs represent the relative
value of currencies for goods and services that are trad-
ed across borders. That is, MERs measure a currency’s
relative international buying power. Nevertheless, MERs
may not accurately reflect the true cost of goods or ser-
vices that are not traded internationally. In addition,
fluctuations in MERSs as a result of currency speculation,
political events (such as wars or boycotts), and official
currency intervention greatly impair their statistical util-
ity—despite the fact that such occurrences have little or
nothing to do with changes in the relative prices of inter-
nationally traded goods.

PPPs. PPPs were developed because of the short-
comings of MERs (Ward 1985). PPPs take into account
the cost differences across countries of buying a similar
market basket of goods and services in numerous expen-
diture categories, including nontradables. The PPP bas-
ket is thereby assumed to be representative of total GDP
across countries.

Although the goods and services included in the mar-
ket basket used to calculate PPP rates differ from the ma-
jor components of R&D costs (fixed assets, as well as
wages of scientists, engineers, and support personnel),
they still result in a more suitable domestic price convert-
er than one based on foreign trade flows. Exchange-rate
movements bear little relationship to changes in the cost
of domestically performed R&D. The adoption of the
euro as the common currency for many European coun-
tries provides a useful example: although Germany and

Portugal now share a common currency, the real costs of
most goods and services are substantially less in Portugal.
PPPs are, therefore, the preferred international standard
for calculating cross-country R&D comparisons wher-
ever possible and are used in all official R&D tabulations
of the OECD.*

Because MERs tend to understate the domestic pur-
chasing power of developing countries’ currencies, PPPs
can produce substantially larger R&D estimates than
MERs for these countries. For example, China’s 2006
R&D expenditures (as reported to the OECD) are $38 bil-
lion using MERs but $87 billion using PPPs. (Appendix
table 4-2 lists the relative difference between MERs and
PPPs for a number of countries.)

Although PPPs are available for developing countries,
such as India and China, they may be less useful for con-
verting R&D expenditures in such countries than in more
developed countries for a number of reasons:

4 Itis difficult or impossible to assess the quality of PPPs
for some countries, most notably China. Although PPP
estimates for OECD countries are quite reliable, PPP
estimates for developing countries are often rough ap-
proximations. The latter estimates are based on extrap-
olations of numbers published by the United Nations
International Comparison Program and by Professors
Robert Summers and Alan Heston of the University of
Pennsylvania and their colleagues.

4 The composition of the market basket used to calculate
PPPs likely differs substantially between developing
and developed countries. The structural differences in
the economies of developing and developed countries,
as well as disparities in income, may result in a market
basket of goods and services in a developing country
that is quite different from that of a developed country,
particularly as far as these baskets relate to the various
costs of R&D.

4 R&D performance in developing countries often is
concentrated geographically in the most advanced cit-
ies and regions in terms of infrastructure and level of
educated workforce. The costs of goods and services
in these areas can be substantially greater than for the
country as a whole.

*Recent research raises some questions about the use of GDP PPPs
for deflating R&D expenditures. In analyzing the manufacturing R&D
inputs and outputs of six industrialized OECD countries, Dougherty et
al. (2007) conclude that “the use of an R&D PPP will yield comparative
costs and R&D intensities that vary substantially from the current prac-
tice of using GDP PPPs, likely increasing the real R&D performance of
the comparison countries relative to the United States.”
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medicines (18%); transportation equipment, including mo-
tor vehicles and aerospace (13%); information, including
software (10%); and professional, scientific, and technical
services, including computer and R&D services (10%). The
same five industries accounted for 80% of 2005 company-
funded R&D from the NSF/Census Survey of Industrial Re-
search and Development.’!

International R&D Comparisons

Data on R&D expenditures can provide a broad picture
of the changing distribution of R&D activities around the
world. R&D data available from the OECD cover the or-
ganization’s 30 member countries and 9 nonmembers. Data
from the United Nations Educational, Scientific, and Cul-
tural Organization’s (UNESCO’s) Institute for Statistics are
used here to supplement OECD statistics in order to cover a
larger set of countries. Increasingly, these data are collected
following OECD standards, but the reader should treat them
as broad indicators of trends and patterns rather than as pre-
cise measures.

International comparisons involve currency conversions.
The discussion here follows the international convention to
convert foreign currencies into U.S. dollars via purchasing

Figure 4-12
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power parity (PPP) exchange rates. (See sidebar “Compar-
ing International R&D Expenditures.”)

Global Patterns of R&D Expenditures

Worldwide R&D expenditures in 2007 totaled an esti-
mated $1,107 billion. Although many countries conduct
R&D, much of global R&D performance continues to be
concentrated in a few high-income countries and regions.

Three regions predominate (figure 4-12). North Amer-
ica accounts for 35% ($393 billion) of worldwide R&D
performance; Asia, 31% ($343 billion); and Europe, 28%
($313 billion). The small remainder, approximately 5%, re-
flects the R&D of countries in the Latin America/Caribbean,
Pacific, and Africa/Middle East regions.

The concentration is more apparent when reviewing the
data of specific countries (table 4-11). By itself, the United
States accounts for about 33% of the current global R&D to-
tal. Japan, the second-largest performer, accounts for about
13%. China (9%) comes next, followed by Germany (6%)
and France (4%).

The top two countries thus account for 47% of the
global R&D total, whereas the top five countries represent
about 66%. Adding the next 5 countries—South Korea,

National R&D expenditures and share of world total, by region: 2007

(Billions of U.S. PPP dollars)

North America
$393 (35.5%)

Latin America
& Caribbean
$26 (2.4%)

World total = $1,107

PPP = purchasing power parity

Europe (Western,

Central, Eastern) Asia (East,
$313 (28.2%) South, West)
$343 (31.0%)

Africa & Middle
East $15 (1.3%)

Pacific
$18 (1.6%)

NOTES: Foreign currencies converted to dollars through purchasing power parities. Sources track R&D for 126 countries. Some country figures are

estimated.

SOURCES: United Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics, http://www.uis.unesco.org, accessed
October 2009; and Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2009/1).
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Table 4-11
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International comparisons of gross domestic expenditures on R&D and R&D share of gross domestic product,

by country/economy/region: Most recent year

GERD GERD/

Country/economy (millions PPP$) GDP (%)

GERD GERD/

Country/economy (millions PPP$) GDP (%)

Regions/selected countries:
North America

United States (2007) .........cc.c..... 368,799.0 2.68
Canada (2008).........ccceceruerveeencns 23,781.0 1.82
Latin America and Caribbean
Mexico (2005) .....cceeeeruereeruenenenns 5,919.0 0.46
Argentina (2007) 2,656.2 0.51
Western Europe
Germany (2007) ...cceeeeeneeneeennens 71,860.8 2.54
France (2007) .....ccceeererenenenenns 43,232.6 2.08
United Kingdom (2007).............. 38,892.8 1.79
Italy (2006) . 19,678.1 1.13
Spain (2007)......coeeeeeenneneeienens 18,000.3 1.27
Sweden (2007) .....ccceeeeerenreneneens 12,076.3 3.60
Netherlands (2007)... 10,949.8 1.70
Austria (2008).... 8,530.1 2.66
Switzerland (2004) . 7,474.3 2.90
Belgium (2007) ......ccevvreerernnenee. 7,028.3 1.87
Finland (2008) ........ccccoeeeivenuennee. 6,519.7 3.46
Denmark (2007). . 5,008.4 2.55
Norway (2007)........cccrerenueneeenne 4,133.0 1.64
Ireland (2008) ......c.cooveveeeereeaenne 2,855.1 1.45
Portugal (2007).. 2,849.7 1.18
Greece (2007) ....... 1,828.4 0.58
Luxembourg (2007).. . 624.0 1.63
Iceland (2008) .......ccceveeeereeenene 318.2 2.76

Central and Eastern Europe

Russian Federation (2007)......... 23,482.0 1.12
Turkey (2007)......ccceeereenne 6,830.0 0.71
Czech Republic (2007)............... 3,813.8 1.54
Poland (2007).......cccceeeeriveenennne. 3,482.3 0.57
Hungary (2007) ... 1,822.9 0.97
Romania (2007)... 1,433.9 0.53
Slovenia (2007) .......... 828.3 1.53
Slovak Republic (2007).............. 497.9 0.46
East, South, West Asia
Japan (2007) ......coeeeeeereriveneneenns 147,800.8 3.44
China (2007)..c..ceveereeriereeniereenns 102,331.0 1.49
South Korea (2007) 41,741.6 3.47
Taiwan (2007) .....cccecereeneenerinenne 18,324.8 2.63
Singapore (2007).......ccccveerreennnens 5,945.5 2.61
Pacific
Australia (2006) ..........cceveeernenne 14,914.4 2.01
New Zealand (2007).........cccueu... 1,383.7 1.20
Africa and Middle East
Israel (2007) .....ccccoveevereeieereenens 8,845.8 4.68
South Africa (2005) ........cccveenneen. 3,654.3 0.92
Selected country groups:
OECD (2007)....cceeeuereeeieeeeeneeeneennes 886,347.1 2.29
European Union-27 (2007) ............ 262,985.0 1.77
G-7 countries (2007).......ccceeeereennns 715,329.6 2.53

EU = European Union; GDP = gross domestic product; GERD = gross domestic expenditure on R&D; OECD = Organisation for Economic Co-operation

and Development; PPP = purchasing power parity
NOTE: Data for Israel is civilian R&D only.
SOURCE: OECD, Main Science and Technology Indicators (2009/1).

the United Kingdom, the Russian Federation, Canada,
and Italy—increases the total to just below 80%, meaning
that four-fifths of the world’s R&D is concentrated in just
10 countries.

With respect to major geopolitical groupings, the R&D
performance of the 27 nations of the European Union (EU-
27) currently accounts for about 24% of the global total.
The Group of Seven (G-7) industrialized countries, of which
the United States is a member (along with Canada, France,
Germany, Italy, Japan, and the United Kingdom), account
for about 65%. The 30 countries constituting the OECD ac-
count for about 80% of worldwide R&D. (Among the cur-
rent major R&D-performing nations, only China is not an
OECD member.)

U.S. dominance of global R&D performance is notable
as well with respect to these country groupings. U.S. R&D
expenditures are currently 40% greater than the total for all
of the EU-27 countries together. Within the G-7, the United
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States currently accounts for more than half (52%) of the
R&D total. (The U.S. share was 48% in 1990. It has ex-
ceeded 50% since 1997.) Within the OECD, U.S. R&D is
about 42% of the total.

According to OECD statistics (figure 4-13), total R&D
by the EU-27 nations has been growing in real dollars over
the past 10 years at an average annual rate of 3.3%. The pace
of real growth during the same period for Germany, France,
and the United Kingdom has been slower: averaging 2.9%,
1.8%, and 3.0%, respectively. By comparison, the U.S. pace
of growth, on the same basis, has averaged 3.3%. Growth in
Japan has been slower, at an annual average rate of 3.0%.
For the OECD as a whole, real growth in R&D expenditures
has also expanded on average at a rate of 3.6% annually over
the past 10 years.

China continues to show the most dramatic growth pat-
tern. The World Bank revised China’s PPP exchange rate in
late 2007, significantly lowering the dollar value of its R&D
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expenditures. Nonetheless, the pace of real annual growth
over the past 10 years in China remains exceptionally high
at just above 19%.

Finally, both India and Brazil are among the world’s larg-
er R&D performers, although neither has yet become part
of OECD’s statistical system. According to the UNESCO
statistics, India performed $15 billion of R&D in 2004 (cur-
rent U.S. dollars, PPP) and Brazil performed $13 billion
in 2005. Both figures are about double the levels of R&D
performance that each country reported in the mid-1990s.
These levels of R&D expenditures would put both India and
Brazil in the world’s top 15 R&D performers.

Comparison of Country R&D Intensities

R&D intensity—typically measured as the ratio of a
country’s national R&D expenditures to GDP for a given
year—provides another basis for international comparisons
of R&D performance. This approach does not require con-
version of a country’s currency to a standard international
benchmark yet still provides a way to adjust for differences
in the sizes of national economies.

Figure 4-13

Gross domestic expenditures on R&D by United
States, EU-27, OECD, and selected other
countries: 1981-2007
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NOTES: Data not available for all countries for all years. U.S. data
reflect OECD methodology for calculating gross expenditures on
R&D. Japan data for 1996 onward may not be comparable with
earlier years because of changes in methodology.

SOURCE: OECD, Main Science and Technology Indicators (2009/1).
See appendix table 4-27.
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The structure of a national economy—that is, the relative
prominence of agriculture, manufacturing, services, and so
on—influences the interpretation of R&D intensity statis-
tics. Businesses and organizations differ widely in their rela-
tive need for investment in the latest science and technology,
and countries whose overall GDP depends considerably on
industries in the high-technology sector will exhibit higher
R&D/GDP ratios than other countries.

Figure 4-14 provides background information on the
GDP composition of the current top 10 R&D-performing
countries. Agriculture is a comparatively small component
(4% or less) for 9 of these 10 countries; only China is an
exception, where agriculture is currently about 11%. For all
but four of the countries, services account for 70% or more
of current GDP. In China (49%), South Korea (39%), and
Russia (41%), industry accounts for a more sizable fraction
of GDP.

Total R&D/GDP Ratios

The U.S. R&D/GDP ratio was about 2.7% in 2007 (table
4-11). At this level, the United States is eighth among the
economies tracked by the OECD. Israel has the highest ratio
at 4.7%, with Sweden, Finland, Japan, and South Korea all
above 3%.

Figure 4-14
Composition of gross domestic product for selected
countries, by sector: 2008
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NOTES: Data for Russia are 2007. Data cover the 10 largest R&D
performing countries.

SOURCE: Central Intelligence Agency, The World Factbook,
http://www.cia.gov/library/publications/the-world-factbook/index.
html, accessed 25 February 2009.
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The R&D/GDP ratio in the United States has ranged from
1.4% in 1953 to a high of 2.9% in 1964 and has fluctuated
in the range of 2.6% to 2.7% in recent years (figure 4-15).
Most of the growth over time in the U.S. R&D/GDP ratio
can be attributed to increases in nonfederal R&D spend-
ing, financed primarily by business. Non-federally financed
R&D increased from about 0.6% of GDP in 1953 to 2.0% of
GDP in 2007. This increase in the nonfederal R&D/GDP ra-
tio reflects the growing role of business R&D in the national
R&D system and, more broadly, the growing prominence
of R&D-derived products and services in the national and
global economies.

Historically, the many peaks and valleys in the U.S.
R&D/GDP ratio reflect changing federal R&D priorities.
The ratio’s drop from its peak in 1964 largely resulted from
federal cutbacks in defense and space R&D programs; from
1975 to 1979, gains in energy R&D activities kept the ratio
stable. Beginning in the late 1980s, cuts in defense-related
R&D kept growth in federal R&D spending below GDP
growth, while nonfederal growth kept pace with or exceeded
that of GDP. Since 2000, defense-related R&D spending has
helped federal R&D spending growth outpace the growth
of GDP.

Among other top 10 R&D-performing countries, total
R&D/GDP ratios over the past 10 years show mixed trends
(figure 4-16). Compared with 1996 R&D/GDP ratios, 2007
(or 2006) ratios were substantially higher in Japan, China,
and South Korea; modestly higher for Germany and Cana-
da; somewhat higher for Italy and the United Kingdom; and
lower for France. Russia’s R&D/GDP ratio grew consistent-
ly from the late 1990s but has fallen back to only somewhat
above its 1996 level in recent years.

Figure 4-15

U.S. R&D share of gross domestic product:
1953-2008
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources (annual
series).
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Figure 4-16

Gross expenditures on R&D as share of gross
domestic product, for selected countries:
1981-2007

Total R&D/GDP
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GDP = gross domestic product; OECD = Organisation for Economic
Co-operation and Development

NOTES: Top 10 R&D performing countries. Data not available for all
countries for all years. U.S. data reflect OECD methodology for
calculating gross expenditures on R&D. Japan data for 1996 onward
may not be comparable with earlier years because of changes in
methodology.

SOURCE: OECD, Main Science and Technology Indicators (2009/1).
See appendix tables 4-27 and 4-28.
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In addition to the United States, countries in Nordic and
Western Europe and the most advanced areas of Asia have
R&D/GDP ratios above 1.5%. This pattern broadly reflects
the global distribution of wealth and level of economic de-
velopment. Countries with high incomes tend to emphasize
the production of high-technology goods and services and
are also those that invest heavily in R&D activities. Private
sectors in low-income countries often have a low concentra-
tion of high-technology industries, resulting in low overall
R&D spending and, therefore, low R&D/GDP ratios.

Nondefense R&D and Basic Research

Further perspective is provided by the ratio of nondefense
R&D expenditures to GDP. This ratio more directly mea-
sures civilian R&D intensity and is useful when comparing
nations with substantially different financial commitments
to national defense. Figure 4-16 shows the trends since the
early 1980s in the nondefense R&D/GDP ratios for 7 of the
top 10 R&D-performing nations (for which data are avail-
able). Although the U.S. ratio (2.3% in 2007) ranks ahead
of that for the United Kingdom, it lags behind Japan, South
Korea, and Germany.

Another perspective comes from the extent to which
spending on basic research accounts for a country’s total
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R&D/GDP ratio. Estimates of the relative volume of ba-
sic research spending can provide a glimpse of the extent
to which R&D resources are directed toward advancing the
scientific knowledge base.

Based on the most recent data available, the U.S. basic
research/R&D ratio is about 0.5% and accounts for less than a
fifth of the total R&D/GDP ratio (table 4-12). France’s basic
research ratio is slightly above the U.S. figure but accounts
for nearly a quarter of its total ratio. South Korea’s basic
research ratio is close to the U.S. and French figures but
accounts for less of the total ratio. The basic research ratios for
Japan, Italy, and especially China are below the U.S. figure.

The following countries have basic research-to-GDP ra-
tios at or above the U.S. level: Switzerland (0.83%), Israel
(0.78%), Singapore (0.48%), Australia (0.45%), and Den-
mark (0.44%).

R&D by Performing Sector and Source
of Funds

In all top 10 countries ranked by R&D expenditures, the
business sector is currently the largest performer, ranging
from 77% for South Korea and Japan to 49% for Italy (table
4-13). Countries with relatively lower business-sector R&D

Table 4-12
Gross expenditures on R&D as share of gross domestic product, for selected countries: Most recent year
(Percent)

All Nondefense Basic
Country R&D/GDP R&D/GDP Share R&D/GDP Share
United States (2007).......cccccceeveevenennne 2.68 2.26 84 0.47 18
Japan (2007)........ 3.44 3.40 99 0.40 12
China (2007) ... 1.49 NA NA 0.05 3
Germany (2006) ......ccccveereerieerrieeeneeenns 2.54 2.50 98 NA NA
France (2006).........ccoveeeueeieerneerieennnns 2.10 1.94 92 0.50 24
South Korea (2006)... 3.22 3.15 98 0.49 15
United Kingdom (2006).........c..cccceueene 1.76 1.60 91 NA NA
Russian Federation (2002).................. 1.25 0.88 70 0.17 14
Canada (2008) 1.82 NA NA NA NA
taly(2005) ....coeveeieeiieeieesee e 1.09 1.09 100 0.30 28
Taiwan (2007)....cccveeereerruerseerneenineennns 2.63 2.60 99 0.26 10
SPaiN (2003) ..o 1.05 1.02 97 0.20 19
Australia (2006).. 2.01 1.93 96 0.45 22
Sweden (2006).......c.cevceeerereiiereieaneens 3.74 3.50 94 NA NA
Israel (2007) ..ccveeeeeeiueeeiieesieeiee e NA 4.68 NA 0.78 NA
Switzerland (2004) 2.90 2.88 99 0.83 29
Finland (2007)....... 3.48 3.48 100 NA NA
Denmark (2005) .......ceveeceereeiieeeeieeennn 2.54 NA NA 0.44 17
Singapore (2007) ....ccoeeereererieenerieenne 2.61 NA NA 0.45 17
Ireland (2006)........ceeveeeiueenieeiieeiieenns 1.30 1.30 100 0.31 24

NA = not available

GDP = gross domestic product

NOTES: Top 10 R&D performing countries (United States to Italy) and selected other countries. Figures for Israel are civilian R&D only.

SOURCE: Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2009/1).
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tend to have greater higher education R&D; these countries
include Canada, Italy, the United Kingdom, and France. The
government sector is particularly prominent in the Russian
Federation, Italy, China, and France.

China’s business R&D sector has spurred much recent
growth in national R&D expenditures, which rose from 60%
of the total in 2000 to 72% in 2007. This increase reflects ac-
tivities by private domestic companies and by multinational
companies as well as the conversion of government-owned
enterprises to the private sector.

With respect to R&D funding, the business sector supplies
66% of total R&D funds in the United States (table 4-14). In
Japan and South Korea, the business sector supplies higher
fractions of the total R&D funding than in the United States.

Chapter 4. Research and Development: National Trends and International Linkages

Germany’s and China’s business sectors provide funding
shares broadly similar to that of the United States. In France,
Canada, the United Kingdom, Italy, and the Russian Federa-
tion, the business sector provides smaller shares of total R&D
funding, but the government shares are relatively high. Gov-
ernment support for R&D is particularly low in Japan.

More precise analysis is impeded by the lack of com-
parable data for foreign-funded R&D in the United States
(figure 4-17). Russia, the United Kingdom, and Canada
had the strongest growth in foreign R&D funds during the
1990s but have recently experienced sharp drops. Foreign
R&D funding largely comes from foreign companies but
also includes resources from foreign governments and oth-
er overseas organizations. For European countries, growth

Table 4-13
Gross expenditures on R&D by performing sector, for selected countries: Most recent year
(Percent)

Higher Private
Country Business Government education nonprofit
United States (2007). 71.9 10.7 13.3 4.2
Japan (2007)......... 77.9 7.8 12.6 1.7
(O 01T F= T 200 SR 72.3 19.2 8.5 0.0
GErMaNY (2007) ....ceeueeeerueererieeee st see e e s s s 69.9 13.9 16.2 0.0
France (2007) 63.2 16.5 19.2 1.1
South Korea (2007).......eeereereenierieesieeseesssee e saeesseeeseeenneens 76.2 11.7 10.7 1.4
United Kingdom (2007)........coooieeiieniieieeeieesee e 64.1 9.2 24.5 21
Russian Federation (2007).. 64.2 29.1 6.3 0.3
Canada (2008)... 56.1 9.6 33.8 0.5
L LV 220101 OO 48.8 17.2 30.3 3.7

NOTE: Top 10 R&D performing countries.

SOURCE: Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2009/1).
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Table 4-14

Gross expenditures on R&D by funding source, for selected countries: Most recent year

(Percent)

Country Business Government Other domestic Abroad
United States (2007)......c.eevveerieriienieeiieesiee e sseee e 66.4 27.7 5.8 NA
Japan (2007) 77.7 15.6 6.3 0.3
China (2007) 70.4 24.6 NA 1.3
Germany (2006) ........cccueeeureeireraieeiee et 68.1 27.8 0.4 3.8
France (2006)........ 52.4 38.4 2.2 7.0
South Korea (2007)...... 73.7 24.8 1.3 0.2
United Kingdom (2007).... . 47.2 29.3 5.8 17.7
Russian Federation (2007)........ccccueerueerieenieesieesieeeseeseeeseeees 294 62.6 0.7 7.2
Canada (2008) ........ceerreerrienreenieeeree e 49.5 31.3 10.3 9.0
ALY (2008) ....ceuveeeeeeeee ettt 40.4 48.3 3.0 8.3

NA = not available

NOTES: Top 10 R&D performing countries. U.S. data on R&D funding from abroad not separately identified but included in sector totals.

SOURCE: Organisation for Economic Co-operation and Development, Main Science and Technology Indicators (2009/1).
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Figure 4-17
Business R&D financed by foreign sources,
for selected countries: 1981-2007
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SOURCE: Organisation for Economic Co-operation and Development,
Main Science and Technology Indicators (2009/1).
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in foreign-funded R&D may reflect coordinated European
Community (EC) efforts to foster cooperative shared-cost
research through its European Framework Programmes.

Businesses in the United States also receive R&D fund-
ing from abroad. However, this funding is not separately re-
ported in U.S. R&D statistics; instead, it is included in the
figures reported for the business sector.*

Business Sector

The structure of business R&D varies substantially
among countries in terms of both sector concentration and
sources of funding. Because businesses account for the larg-
est share of total R&D performance in the United States and
most OECD countries, differences in business structure can
help explain international differences in more aggregated
statistics such as R&D/GDP. For example, countries with
higher concentrations of R&D-intensive industries (such as
pharmaceuticals or automotive manufacturing) are likely
to also have higher R&D/GDP ratios than countries whose
business structures are weighted more heavily toward less
R&D-intensive industries.
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Sector Focus for the United States and OECD
Countries

Using internationally comparable data, no one industry
accounted for more than 18% of total business R&D in the
United States in 2007 (figure 4-18; appendix table 4-31)
(OECD 2009c). This circumstance stems largely from the
fact that total business R&D expenditures are so large in the
United States that it is difficult for any one sector to domi-
nate. However, the diversity of R&D investment by industry
in the United States is also an indicator of how the nation’s
accumulated stock of knowledge and well-developed S&T
infrastructure have made it a popular location for R&D per-
formance for a broad range of industries.*

Compared with the United States, many of the other
countries shown in figure 4-18 display much higher indus-
try sector concentrations. In countries with less business
R&D, high sector concentrations can result from the activi-
ties of one or two large companies. This pattern is notable
in Finland, where the communication, television, and radio
equipment industry accounted for more than half of business
R&D in 2007. This high concentration most likely reflects
the activities of one company, Nokia, a major manufactur-
er of mobile phones at the forefront of the convergence of
communications and the Internet. In contrast, South Korea’s
high concentration of R&D (48% of all business R&D in
2006) in this industry is not the result of any one or two
companies, but reflects the structure of its export-oriented
economy. South Korea is one of the world’s top producers
of electronic goods, and among its top export commodi-
ties are semiconductors, cellular phones, and computers. In
the United States, the communication, television, and radio
equipment industry accounted for 11% of all business R&D
in 2007.

Other industries also exhibit relatively high concentra-
tions of R&D by country. Automotive manufacturers ranked
among the largest R&D-performing companies in the world
in 2006. (See table 4-15 and sidebar “Global R&D Expenses
of Public Corporations.”) Hence, countries that are home to
the world’s major automakers also boast the highest con-
centration of R&D in the automotive manufacturing indus-
try. This industry accounts for 30% of Germany’s business
R&D, 23% of the Czech Republic’s, and 19% of Sweden’s
(figure 4-18), reflecting the operations of automakers such
as Daimler AG and Volkswagen in Germany, Skoda in the
Czech Republic, and Volvo and Saab in Sweden. Also home
to large R&D-performing firms in this industry are France
(18% of all business R&D; PSA Peugeot Citroén, Renault),
Japan (17%; Toyota, Honda, Nissan), South Korea (15%;
Hyundai, Kia), and Italy (12%; Fiat). In the United States,
the automotive manufacturing industry accounted for 6% of
all business R&D in 2007.

The pharmaceuticals industry is less geographically con-
centrated than the automotive manufacturing industry but
is still prominent in several countries. The pharmaceuticals
industry accounts for more than 27% of business R&D in
Denmark and the United Kingdom, and more than 20% in
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Figure 4-18

Share of industrial R&D, by industry sector and selected country: 2005-2007
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Table 4-15
Global R&D spending by top 25 corporations: 2006
R&D/sales
R&D rank R&D expense ($millions) Sales ($millions) ratio (%)

Company (country) 2006 2005 2006 2005 Change (%) 2006 2005 Change (%) 2006 2005
Toyota Motor (Japan).........cccceeeeeveeuennen. 1 4 7,486 6,829 9.6 201,254 176,789 13.8 3.7 3.9
Pfizer (United States).........cccceveevvniennen. 2 2 7,423 7,442 -0.3 48,201 51,298 -6.0 15.4 145
Ford Motor (United States)...........c.c..... 3 1 7,200 8,000 -10.0 160,123 176,896 -9.5 4.5 4.5
Johnson & Johnson (United States)...... 4 8 7,125 6,312 12.9 53,194 50,434 5.5 13.4 125
Microsoft (United States)..........cccceeuenen. 5 7 7,121 6,584 8.2 51,122 44,282 15.4 13.9 149
DaimlerChrysler (Germany) .........c.cc...... 6 3 7,007 7,425 -5.6 199,246 196,863 1.2 3.5 3.8
GlaxoSmithKline (United Kingdom). 7 9 6,611 6,108 8.2 45,263 42,213 7.2 146 145
Siemens (Germany) ............... 8 5 6,604 6,776 -2.5 114,779 99,164 15.7 5.8 6.8
General Motors (United States). . 9 6 6,600 6,700 -1.5 207,349 190,215 9.0 3.2 3.5
Volkswagen (Germany)..........cccceeveeuennee. 10 12 6,030 5,364 124 137,846 125,219 10.1 4.4 4.3
Samsung Electronics (South Korea)...... 11 10 5,943 5,765 3.1 91,038 85,927 5.9 6.5 6.7
Intel (United States) .12 14 5,873 5,145 141 35,382 38,826 -8.9 16.6 13.3
Sanofi-Aventis (France) .......ccccceceveeueene 13 13 5,823 5,315 9.6 37,293 35,897 3.9 15.6 148
International Business Machines

(United States).......coveeeeerereneeneienenne 14 11 5,682 5,378 5.7 91,424 91,134 0.3 6.2 5.9
Roche Holding (Switzerland) . 15 17 5,359 4,640 15.5 34,192 28,882 18.4 15.7 16.1
Novartis (Switzerland)......... . 16 18 5,349 4,514 18.5 36,031 32,212 11.9 14.8 14.0
Nokia (Finland)..........ccoeeeereeenenreneenens 17 15 5,122 5,008 2.3 54,049 44,940 20.3 9.5 111
Matsushita Electric (Japan) ................... 18 16 4,858 4,746 2.4 76,543 74,746 2.4 6.3 6.3
Honda Motor (Japan) . 19 20 4,638 4,289 8.1 93,174 83,264 11.9 5.0 5.2
SONY (JAPAN)..c.eeeeieeierieieieieeie e 20 19 4,571 4,469 2.3 69,715 62,822 11.0 6.6 71
Robert Bosch GmbH (Germany) ........... 21 21 4,401 4,039 9.0 57,418 54,496 5.4 7.7 7.4
Motorola (United States) . 22 24 4,106 3,680 11.6 42,879 36,843 16.4 9.6 10.0
Cisco Systems (United States).............. 23 30 4,067 3,322 22.4 28,484 24,801 14.9 143 134
Merck (United States)........cccceveevereeeneene 24 22 4,020 3,848 45 22,636 22,012 2.8 17.8 175
Telefonaktiebolaget LM Ericsson

(SWedEN)......cocuereeiereeieieeeeeeeeen 25 25 3,990 3,494 14.2 25,403 21,693 17.1 15.7 16.1

SOURCE: Institute of Electrical and Electronics Engineers (IEEE), IEEE Spectrum Top 100 R&D Spenders, Standard & Poor’s data (2006), http://www.

spectrum.ieee.org/images/dec07/images/12.RDchart.pdf, accessed 5 May 2009.
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Global R&D Expenses of Public Corporations

Most firms that make significant investments in R&D
track their R&D expenses separately in their accounting
records and financial statements. The annual reports of
public corporations often include data on these R&D ex-
penses. According to information gleaned from public re-
ports, the 25 public corporations with the largest reported
worldwide R&D expenses spent $143 billion on R&D
in 2006. The six companies with the largest reported
R&D expenses—Toyota, Pfizer, Ford Motor Company,
Johnson & Johnson, Microsoft, and DaimlerChrysler—
each spent between $7 billion and $7.5 billion. The six
automobile manufacturers on the list reported combined
spending of $39 billion on R&D (27.3% of the total for
the top 25) (table 4-15). Eleven companies in the informa-
tion and communications technologies (ICT) sector spent
a total of $57.9 billion (40.5% of the total). The remain-
ing eight companies include six pharmaceutical manu-
facturers and two diversified consumer product—oriented
manufacturers. The top 25 companies are headquartered

in 9 countries, with 10 headquartered in the United States.
The location of a company’s headquarters, however, is
not necessarily the location of all its R&D activities. Most
of the companies on this list have manufacturing and re-
search facilities in multiple countries. (For more informa-
tion, see section “R&D by Multinational Companies.”)

Overall, R&D spending for the top 25 public corpora-
tions increased 5.8% in 2006. (The top 25 list was the
same for 2006 as it was for 2005 except for the addition
of Cisco Systems, Inc., and the deletion of Nissan Mo-
tor Company.) Sales for the group as a whole increased
6.5%; sales increased 5.2% for the automobile and phar-
maceutical manufacturers, 8.9% for the ICT companies
in the group, and 5.4% for the consumer product manu-
facturers. R&D expenses increased for the manufacturers
(pharmaceuticals, 8.5%; automobiles, 0.9%; and con-
sumer products, 11.4%). The ICT companies, represent-
ing the sector that has historically had the highest R&D
intensity, reported a 6.6% increase.
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Belgium and Ireland. Denmark, the largest performer of
pharmaceutical R&D in Europe, is home to Novo Nordisk, a
world leader in the manufacture and marketing of diabetes-
related drugs, and H. Lundbeck, a research-based company
specializing in psychiatric and neurological pharmaceuti-
cals. The United Kingdom is the second-largest performer
of pharmaceutical R&D in Europe and is home to GlaxoS-
mithKline, which manufacturers medicines and vaccines for
the World Health Organization’s three priority diseases—
HIV/AIDS, tuberculosis, and malaria. GlaxoSmithKline
was the third-largest pharmaceuticals company in the world
in terms of R&D expenditures in 2005 and 2006 (table 4-15).
In the United States, the pharmaceuticals industry accounted
for 18% of all business R&D in 2007. U.S.-headquartered
pharmaceutical companies include Abbott Laboratories,
Bristol-Myers Squibb, Eli Lilly, Johnson & Johnson, Merck,
Pfizer, Schering-Plough, and Wyeth.

The computers, office and accounting machines indus-
try represents only a small share of business R&D in most
countries. Among the OECD countries shown in figure 4-18
and appendix table 4-31, only Japan reports a double-digit
concentration of business R&D in this industry, 13% (2006).
Japan is the home of Fujitsu, Hitachi, and NEC. In the Unit-
ed States, the computers, office and accounting machines
industry accounted for 3% of all business R&D in 2007. The
United States is home to Apple, Dell, Hewlett-Packard, Sun
Microsystems and other companies in this industry.

A significant trend in both U.S. and international busi-
ness R&D activity has been the growth of R&D in the ser-
vice sector. According to national statistics for recent years,
the service sector accounted for 30% or more of all business
R&D in 9 of the 19 OECD countries shown in figure 4-18
and less than 10% in only 4 of the countries. In the United
States, service industries accounted for 30% of all business
R&D in 2007.

Other Countries

Internationally comparable data for seven non-OECD
countries have recently been made available in OECD’s
Analytical Business Enterprise R&D (ANBERD) database
(OECD 2009c). Percentage shares of total business R&D
by industry for Chile, China, Israel, the Russian Federation,
Singapore, South Africa, and Taiwan are detailed in appen-
dix table 4-31.

Among these countries, the new data show that the com-
munication, television, and radio equipment industry ac-
counts for more than 40% of all business R&D in Singapore
and Taiwan and more than 15% in Israel and China. Mo-
tor vehicle and pharmaceutical R&D account for smaller
percentages of business R&D than in most of the OECD
countries. Motor vehicle R&D accounts for 5% or more
of business R&D in South Africa and China, and the two
countries with the highest percentages of pharmaceutical
R&D are Singapore (8%) and China (4%). R&D in the com-
puter, office and accounting machines industry accounts for
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15% of the business R&D performed in Taiwan, the highest
percentage among the seven nations.

Among the OECD countries shown in figure 4-18, the
service sector accounts for as little as 7% of business R&D
in South Korea to as much as 41% in Australia. The newly
available data show a similar range among the seven nations.
The percentage of business R&D accounted for by the ser-
vice sector ranges from 7% in China to more than 60% in
Israel and the Russian Federation.

Academic Sector

The academic sector’s share of R&D is largest in Canada,
where it accounted for 36% of national R&D performance in
2007 (table 4-13). It is lowest in the Russian Federation at
6%. The academic share in the United States and Japan is in
the middle at 13%, whereas China is 9%.

Source of Funds

For most countries, the government is (and has long
been) the largest source of academic research funding. (See
sidebar “Government Funding Mechanisms for Academic
Research.”) Business support for academic R&D has in-
creased over the past 25 years among the OECD countries
as a whole. It was around 3% in the early 1980s, nearly 6%
in 1990, and almost 7% in 2000 but then fell back to around
6% in 2006.

In the United States, business support for academic R&D
was about 4% in the early 1980s and rose to about 7% later
in that decade and through the 1990s but has dropped under
6% since 2000. Some commentators note with concern this
recent trend of decline, in light of the significant role that
academic basic research plays in providing a foundation for
technological innovation important to the national economy.

The proportion of academic R&D financed by business
is more varied among the other top R&D-performing coun-
tries (figure 4-19). The highest figures for business support
of academic R&D are currently in China (35%) and Rus-
sia (31%). The figures are also high in Germany (14%) and
South Korea (14%), whereas Japan, France, and Italy oc-
cupy the low end, with figures in the 1% to 3% range.

S&E Fields

Many countries that support a substantial level of aca-
demic R&D devote proportionately more of their R&D
spending to engineering and social science than does the
United States (table 4-16). The thrust of U.S. academic R&D
support is more directed at the natural and medical sciences.
(For a more detailed discussion of S&E field patterns of aca-
demic research in the United States and other countries, see
chapter 5, “Outputs of S&E Research.”)

Government R&D Priorities

Public R&D budget directed toward specific socioeco-
nomic objectives gives insight into government priorities.
Statistics compiled by the OECD on annual government
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Government Funding Mechanisms
for Academic Research

U.S. universities generally do not maintain data
on departmental research (i.e., research which is not
separately budgeted and accounted). As such, U.S.
R&D totals are understated relative to the R&D effort
reported for other countries. The national totals for
Europe, Canada, and Japan include the research com-
ponent of general university fund (GUF) block grants
provided by all levels of government to the academic
sector. These funds can support departmental R&D
programs that are not separately budgeted. GUF is not
equivalent to basic research. The U.S. federal gov-
ernment does not provide research support through a
GUF equivalent, preferring instead to support specific,
separately budgeted R&D projects, usually to address
the objectives of the federal agencies that provide the
R&D funds. However, some state government funding
probably does support departmental research at U.S.
public universities.

The treatment of GUF is one of the major areas of
difficulty in making international R&D comparisons.
In many countries, governments support academic
research primarily through large block grants that are
used at the discretion of each higher education insti-
tution to cover administrative, teaching, and research
costs. Only the R&D component of GUF is included
in national R&D statistics, but problems arise in iden-
tifying the amount of the R&D component and the ob-
jective of the research. Moreover, government GUF
support is in addition to support provided in the form
of earmarked, directed, or project-specific grants and
contracts (funds that can be assigned to specific socio-
economic categories).

In the United States, the federal government is
much more directly involved in choosing which aca-
demic research projects are supported than are nation-
al governments in Europe and elsewhere—although
this is not necessarily the case with state governments.
In several European G-7 countries (France, Germany,
Italy, and the United Kingdom), GUF accounts for
50% or more of total government R&D funding to
universities. In Canada, GUF accounts for about 38%
of government academic R&D support. These data
reflect not only the relative international funding
priorities but also the funding mechanisms and phi-
losophies regarded as the best methods for financing
academic research.

budget appropriations or outlays for R&D (GBAORD) for
its members and selected other countries provide a basis for
such a comparison (table 4-17).

Defense is an objective for government funding of R&D
for all the top R&D-performing countries, but the share
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Figure 4-19
Academic R&D financed by business for selected
countries: 1981-2007

Percent
40
"""""" China i
........... Russia
850" ---- Germany
I —— South Korea
30l =~ Canada
— United States
| = = = United Kingdom
25| "0 Japan

| — France
Italy
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NOTES: Data for top 10 R&D performing countries. Data not available
for all countries for all years. Japan data for 1996 onward may not be
comparable with earlier years because of changes in methodology.

SOURCE: Organisation for Economic Co-operation and Development,
Main Science and Technology Indicators (2009/1).
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varies widely. Defense accounted for 58% of U.S. federal
R&D support in 2007 but was markedly lower elsewhere:
a smaller but still significant 29% in France and 28% in the
United Kingdom, 17% in South Korea, and below 10% in
both Germany and Japan.

Defense has remained the focus of more than 50% of the
federal R&D budget in the United States for much of the
past 25 years. It was 63% in 1990 as the long Cold War pe-
riod drew to a close. It dropped to 52% in 2000 but has risen
again in the wake of events stemming from September 11,
2001. The defense share of government R&D funding for
the other countries over the past 25 years has generally de-
clined or remained at a stable, low level.

The health and environment objective now accounts for
55% of nondefense federal R&D budget support in the United
States and 26% in the United Kingdom. For both countries,
the share has expanded dramatically over the prevailing lev-
els several decades ago. The health and environment share is
currently 17% in South Korea, 13% in France, and 10% or
less in Germany and Japan. The funding under this objective
goes primarily into the health arena in the United States and
the United Kingdom. In the other countries, it is more bal-
anced between health and the environment.

The economic development objective encompasses agri-
culture, fisheries and forestry, industry, infrastructure, and
energy. The share of nondefense government R&D support
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Table 4-16
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Share of academic R&D expenditures, by country and S&E field: Most recent year

(Percent distribution)

U.S. Japan Germany Russia Canada Taiwan Spain Australia Sweden
Field (2007) (2006)  (2002)  (2007) (2005) (2006)  (2006) (2006) (2005)
Academic R&D expenditure (PPP $billions)... 50.24  17.62 9.64 1.59 8.16 2.03 4.31 3.83 2.34
AcademiC R&D ........ccceeverieiieiieeseeesieeeee 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
NSEE... .o 91.2 67.4 78.8 81.4 80.3 86.3 63.1 74.0 78.9
Natural SCIENCES......cvvveeereeeierieriesereene 37.6 11.6 29.2 29.4 NA 17.9 23.1 29.9 19.2
ENGINEEIiNG ..cc.eoveeeiiieeieieeeee e 15.0 24.5 20.3 46.8 NA 40.9 23.4 11.7 22.8
Medical Sciences.........ccceeeeereeeeneeeeenne. 32.9 26.8 25.2 3.0 NA 19.9 141 26.9 31.8
Agricultural SCIENCES .......covvvereeirieerieenns 5.8 4.6 4.1 2.2 NA 7.6 2.5 5.4 5.1
Social sciences and humanities ................. 6.7 32.6 20.7 18.6 19.7 13.7 36.9 26.0 19.5
Social SCIENCES ....ccueruveierieieiieieeeeiee 6.5 NA 8.4 185 NA 10.8 22.3 20.5 13.1
Humanities . 0.1 NA 12.4 5.1 NA 2.9 14.6 5.5 6.3
Academic R&D NeC........ccocervecrereeccreeene 2.1 NA 0.4 NA NA NA NA NA 1.6
Academic NS&E
NSEE.....coe it 100.0 100.0 100.0 100.0 NA  100.0 100.0 100.0 100.0
Natural sciences 41.2 17.2 37.0 36.2 NA 20.8 36.6 40.5 24.3
Engineering .... . 164 36.3 25.8 57.5 NA 47.4 37.2 15.8 28.9
Medical sciences...... .. 36.0 39.7 32.0 3.6 NA 23.0 22.3 36.4 40.3
Agricultural SCIENCES ........covcveereeeeieeenienns 6.3 6.8 5.2 2.7 NA 8.9 3.9 78 6.5

NA = not available

nec = not elsewhere classified; NS&E = natural sciences and engineering; PPP = purchasing power parity

NOTES: Data for following top 10 R&D-performing countries not available: China, France, South Korea, United Kingdom, and Italy. Additional countries
included in top 15 of R&D-performance. Detail may not add to total because of rounding.

SOURCES: National Science Foundation, Division of Science Resources Statistics, Academic Research and Development Expenditures: FY 2007 (2009);
and Organisation for Economic Co-operation and Development (OECD), OECD.Stat database, accessed 6 March 2009.

allocated to economic development has generally declined
over the past 25 years across the OECD countries. In the
United States, it was 36% of all nondefense federal support
for R&D in 1981, dropping to 10% in 2007.3* In the United
Kingdom, it was 39% in 1981, declining to 7% in 2006. De-
spite a decline, support for this objective remains substantial
in some countries: 22% in Germany and France (both with
particular attention to industrial production and technology)
and 31% in Japan (notably in energy and industrial produc-
tion and technology). South Korea currently has by far the
largest share for this objective, 52%, with a particularly
strong emphasis in recent years on industrial production
and technology.

The civil space objective accounts for 18% of nondefense
federal R&D funding in the United States. The share has
been around 20% in the United States for much of the past
25 years. The share in France is currently about 13%—and
has been around that level for almost 20 years. The share has
been below 10% for the rest of the OECD countries.

The other purposes objective includes the general ad-
vance of knowledge (university research and nonoriented
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government research), education, and other activities di-
rected toward cultural and socioeconomic system purpos-
es. This objective accounts for 17% of nondefense federal
R&D funding in the United States (table 4-17). The share
is substantially greater elsewhere: 64% in Germany and the
United Kingdom, 55% in Japan, and 52% in France. For all
OECD countries, university research and nonoriented gov-
ernment research constitute the vast majority of the funding
under this objective.

R&D by Multinational Companies

Foreign direct investment (FDI) refers to the ownership
of productive assets outside the home country by MNCs.
(See sidebar “Foreign Direct Investment in R&D.”) FDI and
international trade are key channels for international knowl-
edge and technology diffusion, which in turn contribute to
productivity growth (Keller 2004; OECD 2008a). Global-
ization of R&D through FDI activities by MNCs reflects a
decentralized model of innovation that takes advantage of
location-specific skills while seeking to retain the benefits
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Table 4-17
Government R&D support by major socioeconomic objectives, for selected countries: 1981-most recent year
(Percent)
GBAORD
budget shares Nondefense R&D budget shares
Health and  Economic
GBAORD (current environ-  development Civil Other
Country/economy and year US$millions, PPP) Defense Nondefense  ment programs space purposes
OECD
1981.... 68,423.0 37.7 62.3 17.8 37.7 10.2 34.3
1990.... 135,732.9 39.3 60.7 18.8 28.9 11.8 40.5
2000......cceeeeeie e 196,850.7 28.2 71.8 22.3 23.0 10.0 44.7
Most recent (2006) ...........ccceeeneee 287,197.0 33.2 66.8 253 21.6 9.3 43.8
United States
33,735.0 56.4 45.4 31.2 36.1 20.3 12.4
63,781.0 62.6 37.4 40.2 22.2 24.2 13.4
83,612.5 51.6 48.4 49.9 13.4 20.9 15.8
Most recent (2007) ......ccceeereeennene 141,890.3 57.8 42.2 54.7 10.3 18.4 16.6
European Union-27
1987 e na na na na na na na
1990.. na na na na na na na
2000.......ccccmeennnne 75,267.4 13.1 86.9 11.6 22.7 6.1 59.6
Most recent (2006) .........ccccereenene 96,995.8 13.3 86.7 13.7 22.3 5.4 58.6
Germany
1987 e 8,572.5 8.9 91.1 9.6 34.9 4.6 50.9
1990 13,269.1 13.5 86.5 10.8 259 6.8 56.5
2000......ccccereennnne 16,787.5 7.8 92.2 9.4 21.6 4.9 64.1
Most recent (2007) . 20,837.7 6.1 93.9 9.7 21.6 5.0 63.7
France
1987 e 7,211.8 38.4 61.6 13.3 37.9 6.7 421
1990 13,738.9 40.1 60.0 9.3 32.8 13 44.9
2000, e 14,721.6 21.4 78.6 9.7 17.7 14.2 58.4
Most recent (2007) ......cccceeereennene 15,538.5 28.8 71.2 13.2 21.9 12.6 52.3
United Kingdom
6,791.4 46.3 53.7 13.1 38.5 3.8 44.6
8,154.7 43.5 56.5 18.1 31.9 5.5 44.5
10,346.0 36.2 63.8 28.3 121 3.7 55.9
Most recent (2006) ........cccccereeenene 14,768.8 28.3 7.7 25.8 71 3.0 64.1
Japan
1987 e NA NA NA NA NA NA NA
1990.... 10,255.4 5.4 94.6 4.5 33.9 6.9 54.7
2000......ccccereennne 21,196.9 41 95.9 6.6 334 5.8 54.2
Most recent (2007) ......cccceeereennene 29,184.8 45 95.5 71 30.6 7.3 55.0
South Korea
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
2000......cceeieeeeee e 5,007.2 20.5 79.5 14.8 53.4 3.1 28.7
Most recent (2007) ..........ccceu.e.... 10,831.9 16.6 83.4 17.1 52.4 4.6 25.9

na = not applicable; NA = not available

GBAORD = government budget appropriations or outlays for R&D; OECD = Organisation for Economic Co-operation and Development;
PPP = purchasing power parity

NOTES: Nondefense R&D classified as other purposes consists primarily of general advancement of knowledge (university funds and nonoriented
research programs). GBAORD figures not currently available for China and incomplete for Russian Federation. See appendix table 4-30.

SOURCE: OECD, Main Science and Technology Indicators (2008/2).
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Foreign Direct Investment in R&D

Direct investment is defined as ownership or control
of 10% or more of the voting securities of a business
(affiliate) in another country. As with other overseas
activity, the geographic distribution of affiliates’
R&D varies by investing country and industry (OECD
2007). FDI in R&D is driven by factors ranging from
costs and long-term market and technological oppor-
tunities to infrastructure and policy considerations,
such as availability of appropriately trained human
resources and intellectual property protection (Niosi
1999; Thursby and Thursby 2006; von Zedtwitz and
Gassmann 2002).

Statistics on R&D by affiliates of foreign compa-
nies located in the United States, and by foreign af-
filiates of U.S. MNCs and their parent companies, can
be obtained from BEA’s Survey of Foreign Direct
Investment in the United States (FDIUS) and BEA’s
Survey of U.S. Direct Investment Abroad (USDIA).
BEA data used in this section cover nonbank compa-
nies.* Affiliate data cover majority-owned affiliates,
that is, those in which the ownership stake of parent
companies totals more than 50%. Annual changes in
FDI R&D reflect a combination of mergers and acqui-
sitions; newly built factories, service centers, or labo-
ratories; and activities in existing facilities. Available
data do not, however, allow for distinguishing among
these alternative investments. "

*Nonbank data exclude activities by companies classified in de-
pository credit intermediation, which comprises commercial banks,
savings institutions, credit unions, bank holding companies, and fi-
nancial holding companies.

For detailed methodology, see http:/www.bea.gov/international/
usdia2004f.html (USDIA) and http://www.bea.gov/scb/pdf/internat/
fdinvest/meth/FDIUS2002Benchmark.pdf (FDIUS).

of common ownership and control.> Overseas locations
may also facilitate networking opportunities with foreign
companies, research centers, and universities. Thus, R&D
by MNCs complements activities with external parties, such
as R&D contracting, technology alliances, and international
exchanges of R&D services, discussed later in this chapter.
As a whole, these activities reflect a collaborative and global
framework for creating and exploiting new knowledge by
leveraging internal and external capabilities (OECD 2008a).

As described below, according to Bureau of Economic
Analysis (BEA) data, the majority of R&D by U.S. MNCs
continues to be performed in the United States. Western
Europe has attracted the majority of U.S.-owned overseas
R&D, followed by the Asia-Pacific region.’® Likewise,
foreign-owned companies continue to invest in R&D in the
United States.

Chapter 4. Research and Development: National Trends and International Linkages

Linking MNC Data
From International Investment
and Industrial R&D Surveys

An ongoing data development project aims to inte-
grate the statistical information from BEA’s interna-
tional investment surveys with the NSF/Census Survey
of Industrial Research and Development. Combining
technological and investment data from these comple-
mentary sources will facilitate a better assessment of
globalization trends in R&D and technological inno-
vation. The initial methodological study demonstrated
the feasibility and utility of such a linkage.

A combined preliminary data set provided infor-
mation for the first time on R&D expenditures by
U.S. and foreign MNCs by character of work (basic
research, applied research, and development). The
study has also produced tangible benefits for the par-
ticipating agencies, including improvements in sur-
vey sampling and the quality of reported data. These
promising initial results have prompted the three par-
ticipating agencies to continue work in this area. For
more information, see NSF/SRS (2007b) and Census
Bureau et al. (2005).

U.S. Affiliates of Foreign Companies

R&D performed by majority-owned affiliates of foreign
companies located in the United States (U.S. affiliates)
reached $34.3 billion in 2006, compared with $31.1 bil-
lion in 2005 (appendix table 4-32).3” R&D expenditures by
these companies grew at an annual average rate of 11.3%
(8.6% after adjusting for inflation) from 1987 to 2006, more
than double the 5.3% (2.8%) rate for total business R&D
performed in the United States. This faster growth rate in-
creased their share in total business R&D from the single
digits in the early 1990s to 14.8% in 2003; their share has
hovered near 14% since then. Details on the R&D charac-
ter of work for MNCs are under development. (See sidebar
“Linking MNC Data From International Investment and In-
dustrial R&D Surveys.”)

Since the late 1980s, European subsidiaries have per-
formed about three-fourths of all U.S. affiliates’ R&D
($25.8 billion in 2006) (figure 4-20). The share of Japanese-
owned companies grew from the single digits in the late
1980s to between 10% and 12% since 1996. European and
Japanese subsidiaries combined have accounted for more
than 85% of these expenditures since 2001.

In 2006, manufacturing accounted for about three-quar-
ters of U.S. affiliates’ R&D, including 37% in chemicals
(of which pharmaceuticals was 90%), 12% in transporta-
tion equipment, and 9% in computer and electronic products
(table 4-18; appendix table 4-33). These three industries also
topped overall U.S. business R&D.
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Figure 4-20
R&D performed by U.S. affiliates of foreign companies in United States, by investing region, and performed by
foreign affiliates of U.S. multinational corporations, by host region: 2006

(Billions of current U.S. dollars)
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NOTES: Preliminary estimates.

SOURCES: Bureau of Economic Analysis, Survey of Foreign Direct Investment in the United States (annual series); and Survey of U.S. Direct Investment
Abroad (annual series). See appendix tables 4-32 and 4-34.
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Table 4-18

R&D performed by majority-owned affiliates of foreign companies in United States, by selected NAICS industry
of affiliate and country/region: 2006

(Millions of current U.S. dollars)

Manufacturing Nonmanufacturing
Computer Professional,

and technical,

All electronic Electrical Transportation scientific

Country/region industries Total Chemicals Machinery products equipment equipment Information services
All countries 34,257 25,035 12,750 789 3,072 1,329 4,198 967 1,879

Canada .. 1,586 295 D 11 D D D D 83 e
Europe ... 25,803 22,121 12,168 637 2,568 1,226 3,697 592 729
France 3,335 2,978 D D 575 D 180 e 165 D
Germany... 6,742 5,880 1,761 99 121 D 2,812 D D
Netherlands.. .. 1,562 D D D D 2 D 0 4
Switzerland.............. 5,039 4,483 4,248 44 D D 5) 2 D

United Kingdom....... 6,801 6,357 3,836 45 e 1,682 28 491 D 110 e
Asia/Pacific ................. 4,589 1,475 409 D 380 39e D D 986
Japan .....ccceeeenienen. 3,995 1,258 396 58 295 38e 262 18e 819
Latin America/OWH ... D 920 2e D D D 4e & D
Middle East... D 161 D 1 D 0 9 D 0
Africa 35 D D 0 0 0 0 D 0

D = suppressed to avoid disclosure of confidential information; e = >50% of value for data cell estimated to account for data not reported by respondents
NAICS = North American Industry Classification System; OWH = other Western Hemisphere

NOTES: Preliminary 2006 estimates for majority-owned (>50%) nonbank affiliates of nonbank U.S. parents by country of ultimate beneficial owner
and industry of affiliate. Expenditures included for R&D conducted by foreign affiliates, whether for themselves or others under contract. Expenditures
excluded for R&D conducted by others for affiliates under contract.

SOURCE: Bureau of Economic Analysis, Survey of Foreign Direct Investment in the United States (annual series), http://www.bea.gov/international/index.
htm#omc, accessed 6 May 2009.
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Statistics from 2006 indicate that affiliates from different
countries emphasized R&D in different industries. German-
owned affiliates located in the United States spent more than
40% of their $6.7 billion R&D in transportation equipment
(table 4-18). British-owned companies accounted for more
than half of affiliates’ R&D in computers and electronic
products. Japanese-owned firms accounted for 44% of af-
filiates’ R&D expenditures in professional, scientific, and
technical services. Swiss-owned firms performed a third of
affiliates’ R&D in pharmaceuticals.

U.S. MNCs and Their Overseas R&D

U.S. MNCs (parent companies and their foreign affili-
ates) performed $216.3 billion in R&D worldwide in 2006
(table 4-19). Parents of U.S. MNCs performed $187.8 bil-
lion in R&D, compared with $177.6 billion in 2005, a 2.5%
increase on an inflation-adjusted basis.*® The 2006 R&D
by MNC parents represented 87% of global R&D by U.S.
MNC:s and about 76% of U.S. business R&D. Both shares
have changed little since 2004.%

Overseas R&D performed by majority-owned foreign af-
filiates (henceforth, foreign affiliates) reached $28.5 billion
in 2006, compared with $27.7 billion in 2005 (essentially
unchanged on an inflation-adjusted basis). However, since
1999 foreign affiliates’ R&D expenditures increased at a
4.0% annual average rate after adjusting for inflation, and
have increased at a 5.0% annual average rate since 1994.

In 2006, affiliates located in Europe accounted for 65%
($18.6 billion of $28.5 billion) of overseas affiliates” R&D,
of which the United Kingdom and Germany combined
represented more than half ($10.3 billion) (appendix table
4-34).% Europe’s share, however, is down from 73% in 1994
(figure 4-21).

Indeed, the geographic distribution of R&D by overseas
affiliates of U.S. MNCs is gradually reflecting the role of

Table 4-19
R&D performed by U.S. multinational companies:
2004-06

R&D performed
(current US$millions) Shares of MNC (%)
u.s. Total u.s.

Year parents MOFAs MNCs  parents MOFAs
2004..... 164,189 25,840 190,029 86.4 13.6
2005..... 177,598 27,653 205,251 86.5 13.5
20086..... 187,813 28,484 216,297 86.8 13.2
MNC = multinational company; MOFA = majority-owned foreign
affiliate

NOTE: MOFAs are affiliates in which combined ownership of all U.S.
parents is >50%.

SOURCE: Bureau of Economic Analysis. Survey of Foreign Direct
Investment in the United States (annual series). See appendix tables
4-34 and 4-36.
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emerging markets in global R&D (figure 4-21).*' In particu-
lar, major developed economies or regions (Canada, Europe,
and Japan) account for a decreasing share of the overseas
R&D investments of U.S. MNCs, declining from 90% in
1994 to 80% in 2006. Over the same period, the share of the
region termed Asia except Japan more than doubled, from

Figure 4-21

Regional shares of R&D performed abroad by
foreign affiliates of U.S. MNCs: 1994-2006
Percent
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MNC = multinational company; OWH = other Western Hemisphere

NOTES: Data for majority-owned affiliates. Preliminary estimates for
2006.

SOURCE: Bureau of Economic Analysis, Survey of U.S. Direct
Investment Abroad (annual series).

Science and Engineering Indicators 2010



Science and Engineering Indicators 2010

5.4% to 13.5%, driven by the R&D spending of U.S.-owned
affiliates in China, Singapore, and South Korea.

On an individual country basis, changes proved more
modest in terms of global shares, although funding levels
in some lower-cost locations may still be significant from
the perspective of purchasing power. R&D performed by
U.S.-owned affiliates in China and India increased from less
than $10 million in each country in 1994 to $804 million
in China and $310 million in India in 2006, but these lev-
els represented only about 3% and 1%, respectively, of total
overseas R&D by U.S. MNCs. In the Middle East, Israel
accounted for virtually all R&D by affiliates of U.S. MNCs,

Table 4-20
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with about 3% of the global share. Brazil represented two-
thirds of Latin America’s U.S.-owned affiliates’ R&D and a
2% global share.

In 2006, manufacturing affiliates accounted for 83% of
overseas affiliates” R&D, including 68% by three manufac-
turing industries: transportation equipment (29%), chemi-
cals (including pharmaceuticals) (22%), and computer and
electronic products (17%) (table 4-20). More than half of
R&D by U.S.-owned affiliates in Europe was performed
by affiliates classified in transportation equipment (35%)
and chemicals (21%). Affiliates classified in transporta-
tion equipment also performed half of U.S.-owned R&D in

R&D performed abroad by majority-owned foreign affiliates of U.S. parent companies, by selected NAICS

industry of affiliate and country/region: 2006
(Millions of current U.S. dollars)

Manufacturing Nonmanufacturing
Electrical
Computer equipment, Professional,

and appliances, technical,

All electronic and com- Transportation scientific

Country/region industries Total Chemicals Machinery products ponents equipment Information services
All countries..........cccceu.... 28,484 23,638 6,166 1,128 4,874 651 8,342 1,014 2,688
2,503 1,766 759 37 260 14 587 271 415
18,628 15,635 3,882 830 1,976 503 6,460 374 1,790
948 699 D 15 D D 26 3 226
1,447 1,287 313 110 206 28 392 29 78
Germany .. 4,919 4,754 253 279 609 245 2,888 22 100
Ireland 848 538 234 0 225 4 5 204 D
ltaly .......... 689 587 274 84 21 42 86 * 84
Netherlands ................ 486 426 184 26 35 D D 8 38
Sweden.......ccccveeeenes 1,536 1,512 72 8 68 20 D 1 19
Switzerland ................. 933 501 254 52 61 4 6 D D
United Kingdom........... 5,378 4,296 1,412 200 632 71 1,582 77 862
Asia and Pacific.. 5,575 4,680 1,233 D 2,105 129 849 D D
Australia 596 536 162 D D 1 D 1 28
China......... 804 675 30 15 541 35 30 D D
Hong Kong.................. 105 47 D 0 16 D 0 4 50
India....cccooreriiiriene 310 106 8 13 D * 20 D 108
Japan ... 1,739 1,560 893 10 397 D 92 111 16
Korea ......cccoeevevveeenne. 729 704 34 15 201 D D D 1
Malaysia 249 248 3 * 241 1 0 0 *
Singapore.. 850 634 D * 564 2 D D D
Latin America/OWH... 865 811 242 50 27 6 419 * 20
Brazil .......cccooeevriieiieens 571 539 136 48 18 4 307 0 11
Middle East..................... 847 693 29 D 506 0 0 D D
Israel ..... 846 693 29 D 506 0 0 D D
Africa ............ 65 53 21 1 0 * 26 2 *
South Africa 52 42 19 1 0 * D 2 *

D = suppressed to avoid disclosure of confidential information; * = < $500,000

NAICS = North American Industry Classification System; OWH = other Western Hemisphere

NOTES: Preliminary 2006 estimates for majority-owned (>50%) nonbank affiliates of nonbank U.S. parents by country of ultimate beneficial owner and
industry of affiliate. Expenditures included for R&D conducted by foreign affiliates, whether for themselves or others under contract. Expenditures exclue

for R&D conducted by others for affiliates under contract.

SOURCE: Bureau of Economic Analysis, Survey of U.S. Direct Investment Abroad (annual series), http://www.bea.gov/international/index.htm#omc,

accessed 6 May 2009.
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Brazil. Affiliates classified in chemicals performed half of
R&D by U.S.-owned companies in Japan.

Reflecting the increasing global linkages in information
technology production and development, affiliates classi-
fied in computer and electronic product manufacturing per-
formed the majority of U.S.-owned R&D in some emerging
markets: Malaysia (97%), China (67%), Singapore (66%),
and Israel (60%) (table 4-20). In terms of service industries,
affiliates classified in the information industry (which in-
cludes software and Internet publishers and telecommunica-
tions) performed about one-fourth of U.S.-owned R&D in
Ireland. Finally, 35% of R&D by U.S.-owned affiliates in
India was performed by those classified in professional, sci-
entific, and technical services (which includes computer and
scientific R&D services).* Nevertheless, European-located
affiliates performed two-thirds of the $2.7 billion in over-
seas, U.S.-owned R&D in this industry.

Chapter 4. Research and Development: National Trends and International Linkages

Technology and Innovation Linkages

Increasingly, R&D and innovation are pursued in a col-
laborative and interactive environment, often embedded
in global supply, production, and distribution networks
(Dahlander and Gann 2007; Howells 2008; OECD 2008a).
This section presents indicators on two types of innovation
linkages: (1) business-to-business interactions in the form
of contracted-out R&D, international transactions in R&D
services, and global technology alliances, and (2) public-
private collaborations. Overall, these indicators illustrate a
variety of intra- and cross-organizational arrangements in-
tended to absorb, manage, and exploit external and/or jointly
developed knowledge (Chesbrough, Birkinshaw, and Teubal
2006; Ozman 2009). For ongoing development activities re-
lated to innovation indicators, see the sidebar “Recent De-
velopments in Innovation-Related Metrics.”

Recent Developments in Innovation-Related Metrics

Interest in R&D and innovation-related metrics by
governments, academic researchers, and businesses has
a long history (Earl and Gault 2006) but has intensified
in recent years in the United States (DOC 2008; Mandel
2008; McKinsey & Company 2008; Moris, Jankowski,
and Perolle 2008; NRC 2005a; NSF/TCB 2008) and
elsewhere (Gault and von Hippel 2009; OECD 2008c).
Recent developments in innovation-related metrics are
driven by a number of factors, including:

4 The rapidly evolving nature of innovation in terms of
joint production and exploitation of knowledge, user-
based innovation, new business models, entrepreneur-
ship, and global linkages

4 Advances in social, behavioral, economic, and man-
agement theories of creativity, productivity, and inno-
vation

4 Developments in national standards on statistical qual-
ity and protection of confidentiality

4 Emerging international accounting standards and of-
ficial statistics guidance on intangibles and other non-
financial assets

4 Advances in data development, integration, and em-
pirical research methodology involving microdata
sets, administrative data, data enclaves, and new com-
puting and visualization tools

Innovation is defined as the introduction of new or
significantly improved products (goods or services), pro-
cesses, organizational methods, and marketing methods
in internal business practices or the marketplace (OECD/
Eurostat 2005, p 146). R&D is only one of many pos-
sible knowledge inputs driving innovation. For example,
innovation may result from the integration of existing

technology or from a new business model. Enhanced in-
ternational guidance and ongoing methodological studies
to better capture statistics on nontechnological innova-
tion, innovation linkages, and service-sector activities are
driving development of metrics across OECD countries.

Part of the challenge in developing new metrics resides
in the broad scope of innovation activities covering in-
puts, processes, cross-sector linkages, immediate outputs
(for example, products or patents), long-term socioeco-
nomic impacts, and infrastructure or system-wide vari-
ables (such as policy incentives or technology standards).
Accordingly, data development spans multiple strategies,
including surveys and data linking and integration, as
well as non-survey-based methods, such as case studies,
administrative databases, and Web-based information—
pursued in parallel or in combination (NSF/SRS 2007a;
NSF/TCB 2008). The following describes selected activi-
ties in the development of these indicators.

Intangible Investment and GDP

Treating spending on intangibles, such as software and
R&D, as investment in the national income and product
accounts (NIPA) (which include GDP and other U.S.
economic accounts) recognizes intangible capital, along
with other forms of investment inputs, in the production
of economic output (Corrado, Hulten, and Sichel 2006;
UNSC 2007). International statistical manuals are being
updated or developed to provide guidance for comparable
measures in this area, including an updated manual for the
United Nations System of National Accounts (SNA) and
a new OECD handbook covering intangibles and national
accounts (Aspden 2008). Software has been considered an

(continued on next page)
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Business-to-Business Linkages

Technology and innovation linkages vary by type of part-
ner or knowledge source and level of interaction (OECD/Eu-
rostat 2005). Knowledge sources range from academic papers,
conference proceedings, and reports from government labora-
tories to information from commercial sources, such as mar-
keting and management consultants, patent licensors, R&D
contractors, and technology vendors. This section examines
indicators related to business transactions and organizational
arrangements to acquire or jointly develop new knowledge.

Contract R&D Expenses Within the United States
Increasingly, companies that perform R&D in the United
States contract out these activities. These companies reported
an estimated $19 billion in R&D performed by external or-
ganizations located in the United States® in 2007, compared
with $12.4 billion in 2006 (appendix tables 4-39 and 4-40).*

investment in U.S. NIPA since 1999, and BEA and NSF
continue to work on an R&D satellite account, as described
earlier in this chapter. BEA plans to incorporate both R&D
and spending on artistic and literary originals as intangible
investment in the core economic accounts in 2013 and is
considering an expanded satellite account that would con-
tain experimental statistics for other intangibles (Aizcorbe,
Moylan, and Robbins 2009).

Science of Science and Innovation Policy
Program, Research Data Infrastructure, and
Advanced Computing Tools

The NSF Science of Science and Innovation Policy
(SciSIP) program supports research designed to advance
the scientific basis of science and innovation policy. Re-
search funded by the program is aimed at developing,
improving, and expanding models, analytical tools, data,
and metrics. An area of interest is the development of
data infrastructure to support empirical research on in-
novations within organizations (NSF/TCB 2008). Other
efforts focus on cyber-infrastructure research; advanced
computing and Web-based tools to protect, archive, link,
mine, and analyze data (Lane, Heus, and Mulcahy 2008);
and advanced visualization and analytical tools for docu-
ment-based information, such as patents and bibliograph-
ic entries (Borner, Chen, and Boyack 2003).

Entrepreneurship and Business Dynamics

Two National Research Council (NRC) reports cite
the need to leverage business data collected by statisti-
cal agencies for research and policymaking purposes
by more effectively integrating data sets (NRC 2006,
2007b). Data sets for the study of business dynamics in-
clude the Census Bureau’s Business Dynamics Statistics
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The all-industries ratio of contracted-out R&D to company-
funded, company-performed R&D increased from 5.5% in
2006 to 7.8% in 2007.* For manufacturers, the ratio reached
8.5% in 2007, up from 5.7% in 2006 (figure 4-22).

Across R&D-intensive industries, pharmaceuticals had the
highest ratio of contracted-out R&D (21%) in 2007. The ratio for
automotive manufacturers was 7.3%, and for navigational, mea-
suring, electromedical, and control instruments (a subsector of
the computer and electronic products industry) was 3.8%. With-
in services, the contracted-out R&D ratio was 13.8% for scien-
tific R&D services and 8.3% for telecommunications in 2007.

Exports and Imports of R&D Services

Across OECD countries, international trade in services,
especially those involving intangibles and knowledge-based
assets, presents unique measurement challenges for both busi-
ness accounting and official statistics (OECD 2008b; Reins-
dorf and Slaughter 2009; Yorgason 2007). An indicator in

(BDS) (Census Bureau 2009) and Longitudinal Em-
ployer-Household Dynamics (LEHD) program (Abowd,
Haltiwanger, and Lane 2004), along with the Business
Employment Dynamics published by the Bureau of Labor
Statistics (BLS 2009). Research topics of interest include
technology adoption, innovation, outsourcing, globaliza-
tion, market entry and exit by companies, and new or
small technology-based firms. Indeed, entrepreneurship
has been extensively researched as a vehicle for transfer-
ring and exploiting new knowledge from public or pri-
vate sources (Audretsch 2009). In the United States, the
Kauffman Foundation funds research in entrepreneurship
and innovation (Kauffman 2008) and sponsors a social
longitudinal survey on young firms (Kauffman 2009).

OECD Innovation Microdata Project and EU
Community Innovation Surveys

The OECD innovation microdata project aims at ex-
ploiting microdata from the EU Community Innovation
Surveys (CIS) for economic analysis. In recent years,
research teams from different OECD countries have col-
laborated in applying similar methodologies to their na-
tional CIS. Expected products include analytical studies
and new innovation indicators covering, for example, in-
ternational technology transfer, nontechnological innova-
tion, and intellectual property rights (OECD 2009a).

The project is part of a larger OECD Innovation Strat-
egy initiative established in 2007; the objective is to
explore strategies to harness the potential of innovation
based on a better understanding of innovation. Research
is focusing on markets and governance, human capital,
global dimensions, and the changing nature of innova-
tion, along with measurement, reporting, and assessment
of innovation (OECD 2009b)
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Figure 4-22

R&D contracted out in United States by
manufacturing companies as ratio of company-
funded and -performed R&D: 1993-2007
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Industrial Research and Develop-
ment (annual series). See appendix table 4-39.
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this area is international trade in research, development, and
testing (RDT) services, including transactions among unaffili-
ated or independent companies (unaffiliated trade) and trade
within MNCs (affiliated trade). These data are part of bal-
ance-of-payment statistics and complement other fee-based
transactions (such as royalties and licensing), as well as per-
formance and funding information from R&D surveys (Moris
2009). U.S. data for total RDT trade have been available since
2001 from BEA’s international transaction surveys.*

In 2007, total U.S. exports (affiliated and unaffiliated) of
RDT services reached a record $14.7 billion, compared with
record imports of $11.4 billion, resulting in a trade surplus of
$3.3 billion. Affiliated trade dominates these U.S. RDT statis-
tics (table 4-21)—which is not surprising, given the large role
of MNCs (including U.S. parents and foreign-owned com-
panies) in R&D performance. (See “R&D by Multinational

Chapter 4. Research and Development: National Trends and International Linkages

Companies.”) Affiliated trade in RDT has recorded between
$4 billion and $4.5 billion in annual trade surpluses since
2001, compared with diminishing balances for unaffiliated
trade (table 4-21). With affiliated transactions, U.S. trade sur-
plus in RDT services is driven not by U.S. MNC parents but
by the relatively high level of exports from U.S. affiliates of
foreign MNC:s to their foreign parents and other foreign af-
filiates of the parent companies (Moris 2009).

Newly available country detail shows that 62.8% of U.S.
RDT exports in 2007 were purchased by European busi-
nesses and another 12.2% by Japanese businesses (appendix
table 4-41). European countries accounted for virtually the
same share of RDT import transactions (62.1%) in 2007,
whereas Japan accounted for 5.6%. Several emerging mar-
kets appear as sources of U.S. RDT imports, namely Israel
(6.2%) and India (5.3%).

International Technology Alliances

Interfirm R&D alliances, partnerships, and networks add
an element of R&D co-production compared with R&D con-
tracts or technology licensing.*” R&D alliances may be de-
fined as domestic or international cooperative arrangements
that combine resources aimed at shared R&D objectives
(Hagedoorn, Link, and Vonortas 2003).* U.S. restrictions
on multifirm cooperative research were loosened by the
1984 National Cooperative Research Act (Public Law 98-
462), followed by the 1993 National Cooperative Research
and Production Act (NCPRA) (Public Law 103-42), as a
way of addressing concerns about the technological leader-
ship and international competitiveness of American firms in
the early 1980s (Scott 2008).

This section features data from the Cooperative Agree-
ments and Technology Indicators (CATI) database, which
collects data on worldwide business technology partner-
ships.* It is based on public announcements and includes
business alliances with an R&D or technology component,
such as joint research or development agreements, R&D
contracts, and equity joint ventures. The database contains
counts dating back to 1980.%°

Table 4-21
U.S. trade in research, development, and testing services: 2001-07
(Millions of dollars)
Exports Imports Trade balance
Total Affiliated  Unaffiliated Total Affiliated  Unaffiliated Total Affiliated  Unaffiliated
7,610 6,564 1,046 3,389 2,664 725 4,221 3,900 321
8,678 7,536 1,142 4,063 3,035 1,028 4,615 4,501 114
9,467 8,291 1,176 5,071 3,761 1,310 4,396 4,530 -134
9,563 8,275 1,288 5,778 3,816 1,962 3,785 4,459 -674
10,431 9,135 1,296 7,239 4,950 2,289 3,192 4,185 -993
12,821 11,165 1,655 9,429 6,726 2,702 3,392 4,439 -1,047
14,698 12,686 2,012 11,437 8,364 3,073 3,261 4,322 -1,061

SOURCE: Bureau of Economic Analysis, U.S. International Services, http://www.bea.gov/international/intiserv.htm, accessed 6 May 2009.
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According to CATI, in 2006 (the latest available year),
about 900 new worldwide business technology alliances
were formed, approximately two-thirds of which involved at
least one U.S.-owned company regardless of location. Close
to 60% of the worldwide total focused on biotechnology,

Figure 4-23

U.S. industrial technology alliances with U.S. and
foreign-owned companies, worldwide, by country/
region of partner: 1990-2006
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(CATI-MERIT) database. See appendix table 4-42.
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and 23% focused on information technology (appendix table
4-42). Other areas include materials research and engineering,
aerospace, automotive, and chemicals. In terms of ownership,
the 2006 counts can be grouped into alliances involving only
U.S.-owned companies (249), U.S. and foreign-owned com-
panies (356), and only foreign-owned companies (293).

Since 1999, the proportion of U.S.-foreign alliances an-
nually has surpassed U.S.-only alliances, driven by rapid
growth in U.S. alliances with European-owned companies
(figure 4-23). The U.S.-Europe alliances increased 141%
from 1990 to 2006, compared with about an 80% increase in
U.S.-only alliances. The predominance of U.S. and European
companies in CATI technology agreements is consistent with
rankings of global R&D by major pharmaceutical, biotech-
nology, software, and automotive MNCs (UK DIUS 2008).
At the same time, the number of U.S.-Japan alliances in 2006
(54) effectively reached parity with U.S. alliances with other
Asia-Pacific countries (50), (reflecting the rapid growth of
the latter since 1990, albeit from relatively low levels (figure
4-23). The 50 U.S. alliances with Asia-Pacific companies,
excluding Japan, were driven by collaborative agreements
with companies headquartered in India (15), China (12), and
South Korea (11). This pattern reflects the increasing if still
modest role of these countries as hosts for U.S.-owned R&D
discussed earlier in this chapter. Of course, noting simple
frequencies of international collaborative agreements is only
a first step in tracking the economic and policy relevance for
participating companies and their home and host countries
(Bozeman and Dietz 2001; Siegel 2003).%!

Federal Technology Transfer and Other
Innovation-Related Programs

This section reviews two sets of indicators on public-
private collaboration supporting technology transfer and
innovation (for academic patents and related knowledge
diffusion indicators, see chapter 5).>* The first set includes
federal programs for technology transfer from R&D funded
and performed by government agencies and laboratories.
The second set includes federal programs that support new
or small U.S. companies in R&D or technology deployment
activities with R&D funds or technical assistance.

In the late 1970s, concerns about the strength of U.S.
industries and their ability to be competitive in the global
economy intensified. Issues included the question of wheth-
er inventions from federally funded academic research were
adequately exploited for the benefit of the national economy
and the need to create or strengthen public-private R&D
partnerships. Since the 1980s, several U.S. policies have
facilitated cross-sector R&D collaboration and technol-
ogy transfer. One major policy thrust was to enhance for-
mal mechanisms for transferring knowledge arising from
federally funded and performed R&D (Crow and Bozeman
1998; NRC 2003). Other policies addressed federally funded
academic R&D, the transition of early-stage technologies
into the marketplace, and R&D and innovation by small or
minority-owned businesses. For a brief overview of these
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Major Federal Legislation Related
to Technology Transfer and Cooperative R&D

Technology Innovation Act of 1980 (Stevenson-
Wydler Act) (Public Law 96-480)—established technol-
ogy transfer as a federal government mission by directing
federal labs to facilitate the transfer of federally-owned
and originated technology to nonfederal parties.

University and Small Business Patent Procedures Act
of 1980 (Bayh-Dole Act) (Public Law 96-517)—permit-
ted small businesses, universities, and nonprofits to ob-
tain titles to inventions developed with federal funds.
Also permitted government-owned and government-
operated laboratories to grant exclusive patent rights to
commercial organizations.

Small Business Innovation Development Act of 1982
(Public Law 97-219)—established the Small Business
Innovation Research (SBIR) program, which required
federal agencies to set aside funds for small businesses to
engage in R&D connected to agency missions.

National Cooperative Research Act of 1984 (Public
Law 98-462)—encouraged U.S. firms to collaborate in
generic precompetitive research by establishing a rule
of reason for evaluating the antitrust implications of re-
search joint ventures.

Patent and Trademark Clarification Act of 1984
(Public Law 98-620)—provided further amendments
to the Stevenson-Wydler Act and the Bayh-Dole Act
regarding the use of patents and licenses to implement
technology transfer.

Federal Technology Transfer Act of 1986 (Public Law
99-502)—enabled federal laboratories to enter coopera-
tive research and development agreements (CRADAS)
with outside parties and to negotiate licenses for patented
inventions made at the laboratory.

Omnibus Trade and Competitiveness Act of 1988 (Pub-
lic Law 100-418)—in addition to measures on trade and
intellectual property protection, the act directed attention

initiatives, see the sidebar “Major Federal Legislation Re-
lated to Technology Transfer and Cooperative R&D.”

Federal Technology Transfer

Federal technology transfer refers to processes through
which the knowledge and capabilities of federal intramural
laboratories and other research facilities can be directed to
the R&D needs of outside public or private organizations—
and through which the inventions and other intellectual as-
sets arising from federal laboratory R&D can be conveyed
to outside parties for development and commercialization
(FLC 20006). Since the Stevenson-Wydler Act of 1980, all
federal labs have been required to have technology trans-
fer offices (Office of Research and Technology Applica-
tions [ORTA]) to assist in identifying transfer opportunities

to public-private cooperation on R&D, technology trans-
fer, and commercialization. It also established NIST’s
Manufacturing Extension Partnership (MEP) program.

National Competitiveness Technology Transfer Act of
1989 (Public Law 101-189)—amended the Federal Tech-
nology Transfer Act to expand the use of CRADAS to
include government-owned, contractor-operated federal
laboratories and to increase nondisclosure provisions.

National Cooperative Research and Production Act of
1993 (Public Law 103-42)—relaxed restrictions on coop-
erative production activities, which enable research joint
venture participants to work together in the application of
technologies they jointly acquire.

National Technology Transfer and Advancement Act
of 1995 (Public Law 104-113)—amended the Stevenson-
Wydler Act to make CRADAs more attractive to federal
laboratories, scientists, and private industry.

Technology Transfer Commercialization Act of 2000
(Public Law 106-404)—broadened CRADA licensing
authority to make such agreements more attractive to pri-
vate industry and increase the transfer of federal technol-
ogy. Established procedures for performance reporting
and monitoring by federal agencies on technology trans-
fer activities.

America COMPETES Act of 2007 (America Creating
Opportunities to Meaningfully Promote Excellence in
Technology, Education, and Sciences [COMPETES] Act)
(Public Law 110-69)—increased investment in R&D;
strengthened educational opportunities in science, tech-
nology, engineering, and mathematics from elementary
through graduate school; and further developed the na-
tion’s innovation infrastructure. Among other measures,
the act established NIST’s Technology Innovation Pro-
gram (TIP) and called for a President’s Council on In-
novation and Competitiveness.

and establishing appropriate arrangements for relationships
with external parties.*® Indicators on these activities illus-
trate a diverse range of mechanisms used in federal technol-
ogy transfer.* For background information, see the sidebar
“Federal Technology Transfer: Activities and Metrics.”
Table 4-22 shows total technology transfer activity sta-
tistics for FY 2007, as well as statistics for six agencies that
account for the majority of this activity. In 2007, federal
laboratories participated in 7,327 cooperative research and
development agreements (CRADAs) with businesses and
organizations, compared with 7,271 in 2006 and 5,949 in
2005 (appendix table 4-43). Federal labs also participated
in 9,445 non-CRADA collaborative R&D relationships in
2007. Agencies issued more than 1,400 patents in 2007
and held 10,347 active licenses, including just below 4,000
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Federal Technology Transfer: Activities and Metrics

Federal technology transfer can take a variety of forms technology transfer thrust is patents, patent licenses, and
(FLC 2006), including the following: material transfer agreements. Others emphasize tradi-
& Commercial transfer. Movement of knowledge or tech- tional public dissemination of new scientific or technical

nology is developed by a federal lab and transferred to k'nowledge. anq cooper.ative R&D relatiopships with.ogt-

private organizations in the commercial marketplace. side organizations—with patenting and licensing activity

taking place only when it is determined that private-sector
investment in a new technology is needed to achieve de-
velopment and commercialization goals.

Several metrics illustrate activities and agency priori-
ties among three main classes of mechanisms. The inven-
tion disclosure and patenting category involves counts of
invention disclosures filed (typically, an inventing scien-

€ Scientific dissemination. Publications, conference
papers, and working papers are distributed, and other
forms of data dissemination are employed.

@ Export of resources. Federal lab personnel are made avail-
able to outside organizations with R&D needs through
collaborative agreements or other service mechanisms.

¢ Import of resources. The federal lab brings in outside tist or engineer filing a written notice of the invention
technology or expertise to enhance the lab’s existing with the lab’s technology transfer office), patent appli-
capabilities. cations filed with the U.S. Patent and Trademark Office
® Dual use. Technologies, products, or families of prod- (or abroad), and patent awards received. The licensing
ucts with both commercial and federal applications are category covers federal lab licensing of federal intellec-
developed. tual property, such as patents or copyrights, to outside
Most federal labs engage in all of these forms of parties to enable further development and commercial-
technology transfer to some extent. The emphases and ization, usually through the technology transfer office.
relative levels of each vary widely across the federal For example, in recent years, DOE’s government-owned,
agencies, depending on the parent agency’s mission, the contractor-operated laboratories have increasingly used
lab’s main areas of scientific and technological interest, their special authority to transfer software technology
typical clients, prevailing scientific/technical culture, and through relatively quickly executed copyright license
any special transfer authorities the agency may have been mechanisms. The third main category is collaborative re-

granted. For some agencies and their labs, the principal lationships for R&D, including CRADAs.

Table 4-22
Federal laboratory technology transfer activity indicators, by selected U.S. agency: FY 2007
Technology transfer activity indicator Total DOD HHS DOE NASA USDA DOC
Invention disclosures and patenting
Inventions disclosed.........ccccceeeveneeennee. 4,486 838 447 1,575 1,268 126 32
Patent applications filed . 1,824 597 261 693 105 114 7
Patents issued ........ccccceeeiieeeeiciee s 1,406 425 379 441 93 37 4
Licensing
All licenses, total active ...........cccceeuenee. 10,347 460 1,418 5,842 1,883 339 217
Invention licenses 3,935 460 915 1,354 461 339 217
Other intellectual property licenses.... 6,405 0 460 4,488 1,422 0 0
Collaborative relationships for R&D
CRADAS, total active ........c.cccevereeveennenne 7,327 2,971 285 697 1 230 2,778
Traditional CRADAS.........cccceveeeeenenns 3,117 2,383 206 697 1 184 154
Other collaborative R&D relationships... 9,445 0 0 0 2,666 4,084 2,695

CRADA = Cooperative Research and Development Agreement; DOC = Department of Commerce; DOD = Department of Defense; DOE = Department
of Energy; HHS = Department of Health and Human Services; NASA = National Aeronautics and Space Administration; USDA = U.S. Department of
Agriculture

NOTES: Other federal agencies not listed but included in total: Department of the Interior, Department of Transportation, Department of Veterans Affairs,
and Environmental Protection Agency. Department of Homeland Security expected to provide technology transfer statistics starting in FY 2008. Invention
licenses refers to inventions that are/could be patented. Other intellectual property refers to intellectual property protected through mechanisms other
than a patent, e.g., copyright. Total active CRADAs refers to agreements executed under CRADA authority (15 U.S.C. 3710a). Traditional CRADAs are
collaborative R&D partnerships between a federal laboratory and one or more nonfederal organizations. Federal agencies have varying authorities for
other kinds of collaborative R&D relationships.

SOURCE: National Institute of Standards and Technology, Federal Laboratory Technology Transfer, Fiscal Year 2007, Summary Report to the President
and the Congress, January 2009, http://patapsco.nist.gov/ts/220/external/index.htm, accessed 6 May 2009. See appendix table 4-43.
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invention licenses, based on their total stock of intellectual
property. Appendix table 4-43 provides data for all agencies
for FY 2000-07.

Small Business Innovation-Related Programs

This section reviews federal programs that support new
or small U.S. companies in R&D or technology deploy-
ment activities. These programs include the Small Business
Innovation Research (SBIR) program, the Small Business
Technology Transfer (STTR) program, the Technology In-
novation Program (TIP), and the Hollings Manufacturing
Extension Partnership (MEP). The first three programs pro-
vide early-stage technology financing, whereas the last one
provides technical assistance to small and medium-sized
manufacturers.

The SBIR program was created by the Small Business In-
novation Development Act of 1982. According to the SBIR
statute, federal agencies with extramural R&D obligations
exceeding $100 million must set aside a fixed percentage of
such obligations for projects involving small business (those
with 500 or fewer employees). This set-aside has been 2.5%
since FY 1997. The program has multiple objectives, name-
ly stimulating technological innovation, fostering the use
of small business to meet federal R&D needs, encouraging
participation by minority and disadvantaged persons in tech-
nological innovation, and increasing private-sector commer-
cialization of innovation derived from federal R&D. SBIR’s
sister program, the STTR program, was created in 1992 to
stimulate cooperative R&D and technology transfer involv-
ing small businesses and nonprofit organizations, including
universities and FFRDCs. Both of these programs are co-
ordinated by the Small Business Administration (SBA). In
FY 2007, SBIR and STTR combined awarded $2.3 billion
(SBA 2009).%

Figure 4-24
SBIR funding, by type: 1983-2006

Dollars (millions)
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In FY 2006, 11 federal agencies awarded a total of
$1.9 billion to about 5,900 SBIR projects (appendix tables
4-44 and 4-45). Funded technology areas include computers
and electronics, information services, materials, energy, and
life science applications. DOD represented just below 50%
of total SBIR funds, whereas HHS represented 30%, consis-
tent with its large extramural R&D budgets.

The SBIR program is structured in three phases. Phase I
evaluates the scientific and technical merit and feasibility of
ideas. Phase II builds on phase I findings, is subject to fur-
ther scientific and technical review, and requires a commer-
cialization plan (NRC 2008). During phase III, the results
from phase II R&D are further developed and introduced
into private markets or federal procurement using private or
non-SBIR federal funding.’® Over the life of the program,
the share of phase II funding has increased from about two-
thirds in the mid-1980s to more than three-fourths (figure
4-24). Bridge funding and other support for startups beyond
phase II were found to be critical for successful commercial-
ization by a recent NRC study (NRC 2008, p 209). Some
agencies have implemented “phase IIB” or “phase II+”
matching funds and/or technical and business support for
qualified awardees (NRC 2008, pp 209-16).

The STTR program is also structured in three phases and
involves R&D performed jointly by small businesses and
nonprofit research organizations. Federal agencies with ex-
tramural R&D budgets exceeding $1 billion participate in
the STTR program. Starting in FY 2004, the required set-
aside doubled to 0.3%, compared with the 2.5% set-aside for
SBIR. In FY 2006, DHS participated for the first time, along
with DOD, NSF, DOE, NASA, and HHS. From FY 1994 to
2006, STTR awarded $1.3 billion to about 6,000 projects,
including $226 million to 878 projects in FY 2006 (appendix
tables 4-44 and 4-46).
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According to SBA, small businesses interested in partici-
pating in the STTR program must find a research institution
that meets the program’s definition and develop a working
agreement before competing for an STTR award. Universi-
ties are active as STTR partners. For example, in FY 2004,
at least 200 universities, many with multiple awardees, part-
nered with small companies under STTR; 15 FFRDCs also
collaborated with awardees (SBA 2005).

Established by the America COMPETES Act of 2007
and administered by NIST,> TIP was set up for “the purpose
of assisting U.S. businesses and institutions of higher edu-
cation or other organizations, such as national laboratories
and nonprofit research institutions, to support, promote, and
accelerate innovation in the United States through high-risk,
high-reward research in areas of critical national need.”®
The new program replaces the Advanced Technology Pro-
gram (ATP). From FY 1990 to 2007, ATP awarded funds
for 824 projects with a combined funding of $4.6 billion,
about equally split between the program and its participants
(appendix table 4-47). The first TIP competition focused on
advanced sensors to support monitoring and assessment of
civil infrastructure, such as water pipelines, roads, bridges,
and tunnels (appendix table 4-48).

A national system of affiliated manufacturing extension
centers, MEP is also housed at NIST. It was established by the
Omnibus Trade and Competitiveness Act of 1988 to enhance
the productivity and technological performance of small and
medium-sized U.S. manufacturers (15 U.S.C. 278(k)).

MEP centers receive federal funding on a competitive ba-
sis for their development and operations. Nonfederal fund-
ing is required for 50% or more of the centers’ capital and
annual operating funds. Companies receive technical and
managerial assistance, generally on a reimbursable basis,
but receive no direct federal funding (Schacht 2008). Fed-
eral funding for MEP reached $106.8 million in FY 2007
and $91 million in FY 2008 (appendix table 4-49). Activi-
ties included technology deployment and technical services
involving advanced manufacturing systems and engineering
services, as well as business services such as management
and strategy development, marketing, and training. For non-
technical services, MEP centers generally partner with com-
mercial and academic consultants and government agencies
(Shapira 2001, pp 983-84).%°

Conclusion

U.S. spending on R&D reached an estimated $397.6 bil-
lion in 2008, a 6.7% increase (or 4.5% in inflation-adjusted
dollars) from the 2007 total. This 2008 figure is preliminary,
however, and may not fully reflect the effects of the down-
turn in U.S. and worldwide economic conditions that took
place in the latter half of the year.

In 2008, businesses performed an estimated $289.1 bil-
lion (current dollars), or 73%, of the total U.S. R&D. The ac-
ademic sector is the second-largest performer of U.S. R&D,
with estimated expenditures of $51.2 billion, or just below
13% of the U.S. total. Federal agencies, their laboratories,
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and FFRDCs accounted for an estimated $41.7 billion, or
about 11% of the total. Nonprofit organizations performed
the remainder, $15.6 billion, or about 4%.

Business and the federal government are the two largest
sources of R&D funding. The business sector provided an
estimated $267.8 billion (current dollars) of funding for R&D
in 2008, 67% of the U.S. total. The federal government fund-
ed an estimated $103.7 billion of R&D, or 26% of the total.
Over the past 5 years, expanded business spending on R&D
has accounted for much of the growth (in both current and
real-dollar terms) in total U.S. R&D spending. Federal fund-
ing overall has been flat or declining on a real-dollar basis. At
the time of this writing, the impact of the current economic
slowdown in U.S. R&D expenditures remains uncertain.

Historically, the federal government has been the prime
source of funding for basic research, accounting for an es-
timated 57% of the nation’s total in 2008. Moreover, in the
same year, the federal government funded 61% of the basic
research performed by universities and colleges, the nation’s
largest performers of basic research.

The budget appropriations for federal spending on R&D
in FY 2009 totaled $147.1 billion, an increase of $3.3 bil-
lion, or 2.4%, over the FY 2008 spending level. The presi-
dent’s proposed budget for FY 2010 requests federal R&D
spending of $147.6 billion, an increase of $0.6 billion, or
0.4%, over the appropriated FY 2009 level. Furthermore, the
American Recovery and Reinvestment Act, enacted in early
2009, provided a one-time increase in funding for federal
R&D and R&D infrastructure, estimated to total $18.3 bil-
lion in FY 2009.

Globally, R&D expenditures totaled an estimated
$1,107 billion in 2007, the most recent year for which inter-
nationally comparable data are available. R&D is concen-
trated regionally in North America (35%), Asia (31%), and
Europe (28%) and is further concentrated within a relatively
few countries. According to OECD statistics, the United
States (with 33% of the world total) and Japan (13%) ac-
count for almost half of global R&D. That figure increases
to two-thirds by adding the next three countries on the list,
China (9%), Germany (6%), and France (4%). Adding South
Korea, the United Kingdom, the Russian Federation, Cana-
da, and Italy completes the top 10 countries, accounting for
about 80% of global R&D.

China, which ranks third globally in R&D spending, con-
tinues to exhibit the most dramatic growth pattern. Its real
R&D growth over the past decade has averaged just over
19% annually. Both India and Brazil also are among the
world’s larger and faster-growing R&D performers, accord-
ing to UNESCO statistics. India performed about $15 bil-
lion of R&D in 2004, and Brazil about $13 billion in 2005
(both figures are the most recent available data). The totals
reported for both countries are about double the levels of
R&D performance each reported in the mid-1990s. Compa-
rability of these figures to the OECD statistics is unclear, but
such levels of R&D expenditures would rank both India and
Brazil among the world’s top 15 R&D-performing nations.
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Another dimension of the international character of R&D
performance is the activities by U.S. MNCs overseas. More
than 85% of annual global R&D expenditures by U.S. MNCs
are made in the United States ($187.8 billion of $216.3 bil-
lion in 2006); however, the geographic distribution of R&D
expenditures outside the United States by the overseas af-
filiates of U.S. MNCs ($28.5 billion in 2006) is gradually
shifting to reflect the role of emerging markets. In particu-
lar, major developed economies or regions (Canada, Japan,
and Europe) account for a decreasing share of the overseas
R&D investments of U.S. MNCs, declining from 90% in
1994 to 80% in 2006. Over the same period, the share of
the Asia region (excluding Japan) more than doubled, from
5.4% to 13.5%, driven by the R&D spending of U.S.-owned
affiliates in China, Singapore, and South Korea. Among in-
dividual countries, R&D performed by U.S.-owned affili-
ates in China and India increased from less than $10 million
in each country in 1994 to $804 million and $310 million,
respectively, in 2006. The 2006 levels for China and India
represented about 3% and 1%, respectively, of total overseas
R&D by U.S. MNCs.

The increasing role of services and international col-
laboration in R&D and innovation is reflected in statistics
on trade in R&D services. In 2007, total U.S. exports of re-
search, development, and testing services reached a record
$14.7 billion, compared with record imports of $11.4 bil-
lion, resulting in a trade surplus of $3.3 billion. Trade within
MNCs dominates these statistics—which is not surprising,
given the significant role of MNCs in R&D performance.

Rapid changes in the collaborative and global nature of
R&D and the increasing role of services and nontechno-
logical innovation call for continuous enhancements in the
indicators of these activities and their impact. U.S. federal
statistical agencies continue to collaborate domestically and
internationally to facilitate improved and comparable data.
Ongoing U.S. data development projects featured in this
chapter include the new Business R&D and Innovation Sur-
vey, the R&D NIPA satellite account, exploratory work on
intangibles and innovation accounts, and efforts in the area
of research data infrastructure by NSF’s Science of Science
and Innovation Policy Program.

Notes

1. As financial input indicators, statistics on expenditures
in and of themselves do not indicate the extent to which
R&D efforts are effective or successful.

2. Adjustments for inflation reported in this chapter are
based on the GDP implicit price deflator. GDP deflators are
calculated on an economy-wide rather than an R&D-specific
basis. As such, they should be interpreted as measures of real
resources engaged in R&D rather than in other activities,
such as consumption or physical investment. They are not a
measure of cost changes in performing research. See appen-
dix table 4-1 for GDP deflators used in this chapter.
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3. FFRDCs are R&D-performing organizations that are
exclusively or substantially financed by the federal gov-
ernment. They operate to provide R&D capability to serve
agency mission objectives or, in some cases, to provide ma-
jor facilities at universities for research and associated train-
ing purposes. Each FFRDC is administered by an industrial
firm, a university, a nonprofit institution, or a consortium.

4. The topic of R&D categories is also part of ongoing
survey redesign and methodological studies in the United
States and internationally.

5. The OECD notes that in measuring R&D, the greatest
source of error often is the difficulty of locating the cutoff
point between experimental development and the related ac-
tivities required to realize an innovation (OECD 2002, para-
graph 111). Most definitions of R&D set the cutoff at the
point when a particular product or process reaches “market
readiness.” At this point, the defining characteristics of the
product or process are substantially set (at least for manu-
facturers if not also for services), and further work is primar-
ily aimed at developing markets, engaging in preproduction
planning, and streamlining the production or control system.

6. The latest data available on the distribution of U.S.
R&D performance by state are for 2007. All U.S. R&D ex-
penditures that year were estimated at $372.5 billion. Of this
total, $359.7 billion could be attributed to expenditures in the
50 states and the District of Columbia. The state-attributed
totals differ from the U.S. total for a number of reasons: some
industry R&D expenditures cannot be allocated to any of the
50 states or the District of Columbia because respondents did
not answer the question related to location; nonfederal sourc-
es of nonprofit R&D expenditures (an estimated $8.4 billion
in 2007) could not be allocated by state; state-level univer-
sity R&D data have not been adjusted for double-counting of
R&D passed from one academic institution to another; state
agency intramural R&D (collected by NSF starting in 2006
[see NSF/SRS 2008a]) are not included in the U.S. total; and
state-level university and federal R&D performance data are
not converted from fiscal to calendar years.

7. Federal intramural R&D includes costs associated with
the administration of intramural and extramural programs by
federal personnel, as well as actual intramural R&D perfor-
mance. This explains the large amount of federal intramural
R&D reported for the District of Columbia.

8. For most manufacturing industries, the Small Busi-
ness Administration has established a size threshold of 500
employees to define small companies. The NSF Survey of
Industrial Research and Development does not sample com-
panies with fewer than five employees because of concerns
about respondent burden.

9. These estimates were derived from the NSF-Census
Bureau’s annual Survey of Industrial Research and Devel-
opment, which collects financial data related to R&D activi-
ties from companies performing R&D in the United States.
These data provide a basis for analyzing R&D investment of
the business sector and are the official source for U.S. busi-
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ness R&D estimates. (See sidebar “New U.S. Business R&D
and Innovation Survey.”)

10. A similar measure of R&D intensity is the ratio of
R&D to value-added (gross output minus cost of intermedi-
ate inputs). Value-added is often used in studies of produc-
tivity because it allows analysts to focus on the economic
output attributable to the specific industrial sector in ques-
tion by subtracting inputs produced in other sectors.

11. Industry-level analyses are complicated by the fact
that each company’s R&D is reported in only one industry.

12. In the North American Industry Classification System
(NAICS), the utility industry comprises establishments en-
gaged in the provision of electric power, natural gas, steam,
and water, as well as the removal of sewage. Establishments
that provide telephone and other communication services
are included in other NAICS industries.

13. Because federal R&D funding is concentrated among
a few companies in a small number of industries, the poten-
tial for disclosing information about a particular company is
high; therefore, these data are often suppressed. This situ-
ation prevents the precise tabulation of total R&D perfor-
mance and the calculation of R&D-to-net-sales ratios for
many industries.

14. For a recent study on the role of service industries in
R&D and innovation, see Gallaher, Link, and Petrusa (2006).

15. Methodological differences between the PhRMA
Annual Membership Survey and the NSF Survey of Indus-
trial Research and Development make it difficult to direct-
ly compare estimates from the two surveys. For example,
the PhARMA survey definition of R&D includes phase IV
clinical trials (trials conducted after a drug is licensed and
available for doctors to prescribe), whereas the NSF survey
definition does not. In addition, NSF survey sales data may
contain income from sources not related to the production of
drugs and medicines.

16. In NSF’s Survey of Industrial Research and Devel-
opment, companies that predominantly license their tech-
nology rather than manufacture finished products are often
classified in the scientific R&D service industry. Therefore,
a sizable amount of biotechnology R&D that serves the
pharmaceutical industry is reported in the R&D service sec-
tor. (See “R&D and Related Services.”)

17. Data for computer and electronic product manufac-
turing in this section refer to NAICS 334 except the federally
funded R&D component of navigational, measuring, elec-
tromedical, and control instruments industry (NAICS 3345),
which is included in aerospace and defense manufacturing.

18. Suppression of federal R&D funding information pro-
hibits the precise tabulation of total R&D performance for
some industries. Lower-bound analyst estimates are given
in cases where the potential disclosure of company-reported
data or classification issues prevents the publication of total
estimates from survey data.

19. The introduction of a more refined industry classifica-
tion scheme in 1999 allowed more detailed reporting in non-
manufacturing industries. For the cited statistics, the R&D
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expenditures of companies in the software, other information,
and computer system design and related service industries
were combined. These three industries provided the closest
approximation to the broader category cited for earlier years
without exceeding the coverage of the broader category.

20. NAICS-based R&D estimates are available only to
1997. Estimates for 1997 and 1998 were bridged from a dif-
ferent industry classification scheme. Total R&D for this
sector has grown from $9.2 billion in 1997 to $16.0 billion
in 2007.

21. Although companies in the R&D and related-services
sector and their R&D activities are classified as nonmanu-
facturing, they serve many manufacturing industries. For
example, many biotechnology companies in this sector li-
cense their technology to companies in the pharmaceutical
manufacturing industry. The R&D of a research firm that is a
subsidiary of a manufacturing company rather than an inde-
pendent contractor would be classified as R&D in a manufac-
turing industry. Consequently, growth in R&D services may,
in part, reflect a more general pattern of industry’s increasing
reliance on outsourcing and contract R&D. For a related dis-
cussion, see “Technology and Innovation Linkages.”

22. Because R&D expenses reported on financial docu-
ments differ from the data reported on the NSF Survey of
Industrial Research and Development, direct comparisons of
these sources are not possible. For an explanation of the dif-
ferences between the two, see Shepherd and Payson (1999).

23. Support for private R&D can be studied along sev-
eral dimensions, including the immediate effect in stimulat-
ing R&D relative to costs (e.g., tax expenditures [forgone
public revenues]) and administrative expenses), longer-term
impacts (e.g., growth and employment), and relationship to
other policy tools. See Atkinson (2007) and Tassey (2007)
for recent discussions on the U.S. tax credit, Wilson (forth-
coming) and Wu (2004) for empirical studies on state R&D
credits, and Bloom, Griffith, and Van Reenen (2002) and
OECD (2003) for country-level empirical studies on the ef-
fectiveness of R&D tax credits.

24. Tax incentives include tax allowances, exemptions,
or deductions (reductions in taxable income) and tax credits
(reductions in tax liability). Each of these tax incentives may
be designed with different features, such as eligibility crite-
ria, allowable expenses, and level versus incremental bases
(OECD 2003).

25. H.R.1424, Public Law No. 110-343 (Division C,
Title III, Section 301).

26. Qualified R&D costs include company-funded ex-
penses for wages paid, supplies used in the conduct of quali-
fied research, and certain contract expenses. For tax purposes,
R&D expenses are restricted to the somewhat narrower con-
cept of R&E expenditures. Qualified expenses must satisfy
tests involving the experimental and technological nature of
activities (26 CFR 1.41-2). Research in the social sciences
or humanities is excluded. See NSF/SRS (2006) for details.

27. One of two forms of alternative credit formulas may
be used in lieu of regular credit provisions: an alternative
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incremental R&E tax credit (AIRC), enacted in 1996, and
a simplified alternative credit (ASIC), established in 2006.
Companies may select only one of these three credit types
on a permanent basis unless the IRS authorizes a change.
The 2008 bill extending the overall R&E credit increased the
statutory rate for the ASIC from 12% to 14% and repealed
the AIRC for the 2009 tax year only (Guenther 2008).

28. The target population for SOI’s corporate statistics
consists of returns of active corporations required to file one
of nine 1120 IRS tax forms, where corporations refers to
for-profit corporations, joint-stock companies, and certain
unincorporated associations. Estimates on corporate tax sta-
tistics are based on a stratified probability sample of unau-
dited active returns. Active returns include returns having
current income or deductions. IRS data are for tax years,
which cover accounting periods ending any month between
July of the calendar year of reference through June of the
following calendar year. Estimates are subject to sampling
and nonsampling errors. For SOI statistical methodology,
see section 3 in IRS (2009).

29. Actual credit amounts are lower than claims because
of limits on overall or general business credits. Corporations
requesting the R&E credit must complete IRS Form 6765
(the latest form is available at http://www.irs.gov/pub/irs-pdf/
f6765.pdf). SOI tax credit estimates reported in this section
cover only C corporations. In particular, data excludes pass-
through entities (those that pay little or no federal income
tax at the corporate level but are instead required by law to
pass any profits or losses to their shareholders, where they
are taxed at the individual rate) such as S corporations (IRS
form 11208), real estate investment trusts (1120-REIT), and
regulated investment companies (1120-RIC).

30. See figure C in http://www.irs.gov/taxstats/article/
0,,id=164402,00.html (accessed 19 June 2009). This source
also has data by type of R&E credit and related IRS/SOI
publications.

31. See appendix table 4-12. Although both IRS and NSF/
Census statistics use NAICS as the underlying industry clas-
sification system, comparisons of R&D-related estimates at
the industry level are problematic because of differences in
classification and company consolidation procedures. For
example, industry codes for tax purposes are based on gross
receipts, whereas the classification in the NSF/Census sur-
vey is based on dollar payrolls.

32. Accordingly, the business share of R&D funding for
the United States in table 4-14 is overstated—specifically
in comparison with the business-sector shares for countries
where foreign sources of R&D funding are reported sepa-
rately from domestic sources. R&D investments by foreign
MNC:s (discussed later in this chapter) provide an indication
of international participation in U.S. business R&D. How-
ever, foreign ownership does not necessarily imply foreign
funding, given that an affiliate may fund activities through
domestic sources.

33. For discussions of R&D diversity measurement, see
Archibugi and Pianta (1992, 1996).
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34. Some analysts argue that the low nondefense
GBAORD share for economic development in the United
States reflects the expectation that businesses will finance
industrial R&D activities with their own funds. Moreover,
government R&D that may be useful to industry is often
funded with other purposes in mind, such as defense and
space, and is therefore classified under other socioeconomic
objectives.

35. For international intra-MNC transactions in R&D
services, see “Technology and Innovation Linkages.” See
chapter 3 for MNC R&D employment and chapter 6 for FDI
financial flows.

36. Western Europe and Asia have also attracted the
majority of FDI financial flows by U.S. MNCs (Sethi et
al. 2003).

37. For these data, the United States includes the 50
states; Washington, DC; Puerto Rico; and all U.S. territories
and possessions.

38. BEA defines a parent company of a U.S. MNC as an
entity (individual, branch, partnership, or corporation), resi-
dent in the United States, that owns or controls at least 10%
of the voting securities, or equivalent, of a foreign business
enterprise. Data are for nonbank U.S. MNC parent compa-
nies. Affiliate data cover majority-owned, nonbank foreign
affiliates of nonbank U.S. parents. For selected NSF data on
overseas R&D funded by companies with R&D activities in
the 50 states and Washington, DC, see appendix tables 4-37
and 4-38.

39. Data on parents’ R&D for 2004 and later are not fully
comparable with earlier data because of improvements in
statistical coverage. The improvements resulted from com-
prehensive information on parent R&D activities obtained
from the Bureau of Economic Analysis 2004 Benchmark
Survey of U.S. Direct Investment Abroad and from new in-
formation obtained through an ongoing interagency statisti-
cal project (see NSF/SRS [2007b]).

40. In comparison, the share of value-added (gross prod-
uct) by affiliates located in Europe was 54.3% in 2006. Af-
filiates in the United Kingdom and Germany also reported
the largest value-added figures over this period (BEA 2009).

41. See “International R&D Comparisons.”

42. See Branstetter and Foley (2007, pp 15-21), NSF/
SRS (2004), OECD (2008d), and von Zedtwitz, (2004) for
FDI R&D and technology alliances in China. For informa-
tion on India and other emerging markets, see Arora and
Gambardella (2004) and NRC (2007a).

43. Outside organizations include independent compa-
nies, universities, nonprofit organizations, and government,
but the majority of this R&D is performed by companies.
See appendix table 4-40 for industry-specific data.

44. Data are for R&D contract expenditures paid by U.S.
industrial R&D performers (using company and other non-
federal R&D funds) to other domestic performers. In this
section, contract R&D refers to a transaction with external
parties involving R&D payments or income, regardless of its
legal form. Transactions by companies that do not perform
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internal R&D in the United States are excluded, as are R&D
activities contracted out to companies located overseas.

45. Company-funded is shorthand for “company and oth-
er nonfederal.”

46. RDT is part of the larger category of business, pro-
fessional, and technical services. RDT services include
commercial and noncommercial research as well as product
development and testing services. The latter component in-
cludes non-R&D testing services. RDT covers services by all
companies regardless of industry classification, not just ac-
tivities of companies or establishments classified in NAICS
5417. Starting with 2006 data, new BEA survey forms BE-
120 (benchmark) and BE-125 (quarterly) collect both affili-
ated and unaffiliated transactions. For further methodological
information, see http://www.bea.gov/surveys/iussurv.htm.

47. In practice, these activities may be part of a given
business arrangement or innovation project. Furthermore,
technology alliances may or may not be part of larger agree-
ments involving manufacturing, marketing, and other busi-
ness functions.

48. Drivers for R&D collaboration include reduction in
costs and/or time to market, sharing of instrumentation and
other infrastructure, technology diversification (explora-
tion and experimentation across multiple technology plat-
forms), and long-term learning (Cantwell, Gambardella, and
Granstrand 2004; Ozman 2009). The policy environment,
especially antitrust regulation and intellectual property pro-
tection, is also critical to the incidence of these drivers and
their economy-wide impact (Scott 2008).

49. For data from the Cooperative Research (CORE) da-
tabase, based on Department of Justice registrations required
by NCRPA, see NSF/SRS (2006, p 4-34).

50. CATI is a literature-based database that draws on
sources such as newspapers, journal articles, books, and
specialized journals that report on business events. Agree-
ments involving small or startup firms are likely to be under-
represented. Another limitation is that the database draws
primarily from English-language materials. Data on alliance
structure, size, duration, or outputs are not available. For
studies combining CATI and other data sources, see papers
and references in Hagedoorn, Link, and Vonortas (2003).

51. For an overview of indicator development in this area,
see Jankowski, Link, and Vonortas (2001) and Hagedoorn,
Link, and Vonortas (2003).

52. Science or research parks, another example of public-
private collaboration, may facilitate knowledge diffusion,
technology development and deployment, and entrepreneur-
ship by involving universities, government laboratories, and
business startups. Two recent U.S. workshops focused on
science parks. A December 2007 NSF workshop was aimed
at fostering a better understanding and measurement of sci-
ence parks’ activities, including the role of science parks in
the national innovation system. Participants identified a need
for systematic studies on topics such as the social benefits of
public investment in science parks, ways in which the uni-
versity—science park interaction engenders entrepreneurial
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activity, and lessons that U.S. science parks can learn from
comparative studies with European and Asian parks. For ma-
terial from this workshop, see http://www.nsf.gov/statistics/
workshop/sciencepark07. A subsequent workshop sponsored
by the National Academies explored international models and
best practices in science parks (NRC 2009). See also PCAST
(2008) and chapters 8 and 9 in Link and Siegel (2007).

53. Federal agencies frequently cited in government re-
ports on federal technology transfer include the Departments
of Agriculture, Commerce, Defense, Energy, Health and
Human Services, Homeland Security, the Interior, Transpor-
tation, and Veterans Affairs; the Environmental Protection
Agency; and the National Aeronautics and Space Admin-
istration. Data include both federal intramural laboratories
and FFRDCs.

54. Notably missing among these indicators are techni-
cal articles published in professional journals, conference
papers, and other kinds of scientific communications; how-
ever, few labs regularly tabulate and report this information.

55. FY 2007 figures are preliminary. As this volume was
going to press, the House and Senate agreed to the latest in a
series of short-term extensions of these programs.

56. To obtain federal funding under this program, a small
company applies for a phase I SBIR grant of up to $100,000
for up to 6 months to assess the scientific and technical fea-
sibility of ideas with commercial potential. If the concept
shows further potential, the company may receive a phase 11
grant of up to $750,000 over a period of up to 2 years for
further development.

57. See Section 3012 of the America COMPETES Act
(Public Law 110-69), enacted 9 August 2007. Final rules
prescribing TIP procedures were released 25 June 2008 (15
C.F.R. Part 296). The first competition was announced in
July 2008, and the first awards were made in January 2009.

58. Public Law 110-69, Section 3012.

59. For example, beginning in 2006, MEP began collabo-
rating to connect small manufacturers with trade promotion
specialists of DOC’s International Trade Administration and
its export assistance centers in specific industry sectors, such
as machinery and microelectronics (GAO 2007, p 20). For
MEP impact studies, see http://blue.nist.gov/sshome.

Glossary

Affiliate: A company or business enterprise located in
one country but owned or controlled (in terms of 10% or
more of voting securities or equivalent) by a parent com-
pany in another country; may be either incorporated or
unincorporated.

Applied research: The objective of applied research is to
gain knowledge or understanding to meet a specific, recog-
nized need. In industry, applied research includes investiga-
tions to discover new scientific knowledge that has specific
commercial objectives with respect to products, processes,
or services.
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Basic research: The objective of basic research is to gain
more comprehensive knowledge or understanding of the
subject under study without specific applications in mind.
Although basic research may not have specific applications
as its goal, it can be directed in fields of present or potential
interest. This is often the case with basic research performed
by industry or mission-driven federal agencies.

Development: Development is the systematic use of the
knowledge or understanding gained from research directed
toward the production of useful materials, devices, systems,
or methods, including the design and development of proto-
types and processes.

EU-27: Prior to 2004, the European Union (EU) con-
sisted of 15 member nations: Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Ireland, Italy, Luxem-
bourg, Netherlands, Portugal, Spain, Sweden, and the United
Kingdom. In 2004, the membership expanded to include an
additional 10 countries: Cyprus, Czech Republic, Estonia,
Hungary, Latvia, Lithuania, Malta, Poland, Slovakia, and
Slovenia. And, in January 2007, Bulgaria and Romania were
added, bringing the total of member countries to 27.

Federally funded research and development center
(FFRDC): R&D-performing organizations that are exclu-
sively or substantially financed by the federal government
either to meet a particular R&D objective or, in some in-
stances, to provide major facilities at universities for re-
search and associated training purposes; each FFRDC is
administered either by an industrial firm, a university, or a
nonprofit institution.

Foreign affiliate: Company located overseas but owned
by a U.S. parent.

Foreign direct investment (FDI): Ownership or control
of 10% or more of the voting securities (or equivalent) of a
business located outside the home country.

G-7 countries: The Group of Seven industrialized na-
tions includes Canada, France, Germany, Italy, Japan, the
United Kingdom, and the United States.

General university fund (GUF): Block grants provided
by all levels of government in Europe, Canada, and Japan
to the academic sector that can be used to support depart-
mental R&D programs that are not separately budgeted; the
U.S. federal government does not provide research support
through a GUF equivalent.

Gross domestic product (GDP): The market value of
goods and services produced within a country.

Intellectual property: Any product of the human intel-
lect—such as an invention, discovery, technology, creation,
development, or other form of expression of an idea—re-
gardless of whether the subject matter is protectable under
the laws governing the different forms of intellectual prop-
erty. The most common forms of intellectual property pro-
tection include patents, copyrights, trademarks, and trade
secrets.

Majority-owned affiliate: Company owned or con-
trolled by more than 50% of the voting securities (or equiva-
lent) by its parent company.
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Multinational company (MNC): A parent company and
its foreign affiliates.

National income and product accounts: The economic
accounts of a country that display the value and composition
of national output and the distribution of incomes generated
in this production.

Organisation for Economic Co-operation and Devel-
opment (OECD): An international organization of 30 coun-
tries, headquartered in Paris, France. The member countries
are Australia, Austria, Belgium, Canada, Czech Republic,
Denmark, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Japan, Korea, Luxembourg, Mexico,
Netherlands, New Zealand, Norway, Poland, Portugal, Slo-
vak Republic, Spain, Sweden, Switzerland, Turkey, United
Kingdom, and United States. Among its many activities, the
OECD compiles social, economic, and science and tech-
nology statistics for all member and selected non-member
countries.

Public-private partnership: Collaboration between pri-
vate or commercial organizations and at least one public or
nonprofit organization such as a university, research institute,
or government laboratory. Examples include cooperative re-
search and development agreements (CRADAs), industry-
university alliances, and science parks.

R&D: Research and development, also called research
and experimental development, comprises creative work
undertaken on a systematic basis to increase the stock of
knowledge—including knowledge of man, culture, and so-
ciety—and its use to devise new applications.

R&D intensity: A measure of R&D expenditures rela-
tive to size, production, financial, or other characteristic for
a given R&D-performing unit (e.g., country, sector, compa-
ny). Examples include R&D to GDP ratio, company-funded
R&D to net sales ratio, and R&D per employee.

R&D plant: Expenditures in the acquisition of, construc-
tion of, major repairs to, or alterations in structures, works,
equipment, facilities, or land for use in R&D activities.

Technology alliance: Cooperative arrangement aimed
at co-development of new products or capabilities through
R&D and other technical collaboration.

Technology transfer: The process by which technology
or knowledge developed in one place or for one purpose is
applied and exploited in another place for some other pur-
pose. In the federal setting, technology transfer is the pro-
cess by which existing knowledge, facilities, or capabilities
developed under federal research and development funding
are utilized to fulfill public and private needs.

U.S. affiliate: Company located in the United States but
owned by a foreign parent.

References

Abowd J, Haltiwanger MJ, Lane J. 2004. Integrated longi-
tudinal employer-employee data for the United States.
American Economic Review 94(2):224-9. (Papers and
proceedings of the 116th annual meeting of the American
Economic Association; 3—5 January; San Diego.)



Science and Engineering Indicators 2010

Aizcorbe AM, Moylan CE, Robbins CA. 2009. Toward bet-
ter measurement of innovation and intangibles. Survey of
Current Business 89(January):10-23. http://www.bea.gov/
national/newinnovation.htm. Accessed 28 September 2009.

American Chemistry Council (ACC). 2009. http://www.
americanchemistry.com/s_acc/index.asp#. Accessed 20
October 20009.

Archibugi D, Pianta M. 1992. Specialization and size of
technological activities in industrial countries: The anal-
ysis of patent data. Research Policy 21(1):79-93. http://
www.danielearchibugi.org/papers/index.htm. Accessed
18 June 2009.

Archibugi D, Pianta M. 1996. Measuring technological
change through patents and innovation surveys. Techno-
vation 16(9):451-68. http://www.danielearchibugi.org/
papers/index.htm. Accessed 18 June 2009.

Arora A, Gambardella A. 2004. The globalization of the
software industry: Perspectives and opportunities for
developed and developing countries. National Bureau of
Economic Research (NBER) Working Paper No. 10538.

Aspden C. 2008. OECD task force on R&D and other intellec-
tual property products. Report prepared for OECD Work-
ing Party of National Experts on Science and Technology
Indicators. DSTI/EAS/STP/NESTI(2008)31. Paris.

Atkinson RD. 2007. Expanding the R&E tax credit to drive
innovation, competitiveness and prosperity. Journal of
Technology Transfer 32:617-28.

Audretsch DB. 2009. The entrepreneurial society. Journal of
Technology Transfer 34:245-54.

Bloom N, Griffith R, Van Reenen J. 2002. Do R&D tax
credits work? Evidence from a panel of countries 1979—
1997. Journal of Public Economics 85:1-31.

Borner K, Chen C, Boyack K.2003. Visualizing knowledge
domains. Annual Review of Information Science & Tech-
nology 37:179-255.

Bozeman B, Dietz JS. 2001. Strategic research partnerships:
Constructing policy-relevant indicators. Journal of Tech-
nology Transfer 26:385-93.

Branstetter L, Foley CF. 2007. Facts and fallacies about U.S.
FDI in China. National Bureau of Economic Research
(NBER) Working Paper 13470. http://www.nber.org/
papers/w13470. Accessed 28 September 2009.

Bureau of Economic Analysis (BEA). 2009. Internation-
al Economic Accounts, Operations of Multinational
Companies—Interactive Tables. http://www.bea.gov/
international/index.htm#omc. Selected data downloaded
15 January 2009.

Bureau of Labor Statistics (BLS). 2009. BLS Business Em-
ployment Dynamics (BED). http://www.bls.gov/bdm/.
Accessed 20 October 2009.

Cantwell J, Gambardella A, Granstrand O. 2004. The Eco-
nomics and Management of Technological Diversifica-
tion. New York: Routledge.

Census Bureau. 2009. Census Business Dynamics Statistics
(BDS). http://www.ces.census.gov/index.php/bds/bds_
home. Accessed 20 October 2009.

¢ 4-63

Census Bureau, Bureau of Economic Analysis, and National
Science Foundation, Division of Science Resources
Statistics. 2005. Research and Development Data Link
Project: Final Report. http://www.census.gov/mcd/RDD/
rddatalink.pdf. Accessed 28 September 2009.

Chesbrough H, Birkinshaw J, Teubal M. 2006. Introduction
to the research policy 20th anniversary special issue of
the publication of “Profiting from Innovation” by David
J. Teece. Research Policy 35(8):1091-9.

Corrado CA, Hulten CR, Sichel DE. 2006. Intangible capital
and economic growth. Finance and Economics Discus-
sion Series. Washington, DC: Federal Reserve Board.

Crow M, Bozeman B. 1998. Limited by Design—R&D Lab-
oratories in the U.S. National Innovation System. New
York: Columbia University Press.

Dahlander L, Gann D. 2007. How open is innovation? Paper
presented at the DRUID Summer Conference; 18 June;
Copenhagen Business School, Copenhagen.

Department of Commerce (DOC), Advisory Committee on
Measuring Innovation in the 21st Century Economy. 2008.
Innovation measurement: Tracking the state of innovation
in the American economy. http://www.innovationmetrics.
gov/. Accessed 28 September 2009.

Dougherty S, Inklarr R, McGuckin R, van Ark B. 2007. In-
ternational comparisons of R&D expenditures: Does an
R&D PPP make a difference? National Bureau of Eco-
nomic Research Working Paper 12829. Cambridge, MA.

Earl L, Gault F, editors. 2006. National Innovation, Indica-
tors, and Policy. Cheltenham, UK: Edward Elgar Policy
Publishing.

Federal Laboratory Consortium (FLC) for Technology
Transfer. 2006. FLC Technology Transfer Desk Refer-
ence. Cherry Hill, NJ. http://www.federallabs.org/pdf/T2_
Desk_Reference.pdf. Accessed 28 September 2009.

Gallaher MP, Link AN, Petrusa JE. 2006. Innovation in the
U.S. Service Sector. London: Routledge.

Gault F, von Hippel E. 2009. The prevalence of user innova-
tion and free innovation transfers: Implications for sta-
tistical indicators and innovation policy. Working Paper
No. 4722—09. Cambridge, MA: MIT Sloan School of
Management.

General Accounting Office (GAO). 2001. Research and De-
velopment: Reported Gap Between Data From Federal
Agencies and Their R&D Performers: Results From Non-
comparable Data. GAO-01-512R. Washington, DC.

Government Accountability Office (GAO). 2007. Informa-
tion on Federal Programs and Interagency Efforts That
Support Small Businesses Engaged in Manufacturing.
GAO-07-714. Washington, DC.

Guenther G. 2008. Research and Experimentation Tax
Credit: Current Status Legislative Proposals in the 109th
Congress, and Policy Issues. RL31181. Washington, DC:
Congressional Research Service.

Hagedoorn J, Link A, Vonortas N. 2003. Strategic research
partnerships: Economic, managerial, and policy implica-
tions [introduction to special issue]. Technology Analysis
& Strategic Management 15(2):155-7.



4-64 ¢

Howells J. 2008. New directions in R&D: Current and pro-
spective challenges. R&D Management 38(3):241-52.
Industrial Research Institute (IRI). 2009. IRI’s R&D trends
forecast for 2009. Research Technology Management

52(1):19-26.

Institute of Electronics and Electronics Engineers (IEEE).
2009. IEEE Spectrum Top 100 R&D Spenders. Standard
and Poor’s data. http://www.spectrum.ieee.org/images/
dec07/images/12.RDchart.pdf. Accessed 30 October 2009.

Internal Revenue Service (IRS). 2009. Statistics of
Income—2006 Corporation Income Tax Returns. Wash-
ington, DC. http://www.irs.gov/pub/irs-soi/06coccr.pdf.
Accessed 19 June 2009.

Jankowski JE, Link AN, Vonortas NS. 2001. Strategic Re-
search Partnerships: Proceedings From an NSF Work-
shop. NSF 01-336. Arlington, VA: National Science
Foundation. http://www.nsf.gov/statistics/nsf01336/. Ac-
cessed 28 September 2009.

Jorgenson DW, Landefeld JS, Nordhaus WD, editors. 2006.
A New Architecture for the U.S. National Accounts. Chi-
cago: University of Chicago Press.

Kauffman Foundation. 2008. Data Symposium Proceed-
ings. http://www kauffman.org/research-and-policy/data/
2008data.aspx. Accessed 28 September 2009.

Kauffman Foundation. 2009. Kauffman Firm Survey. http://
www kauffman.org/research-and-policy/kauffman-firm-
survey.aspx. Accessed 28 September 2009.

Keller W. 2004. International technology diffusion. Journal
of Economic Literature 42(September):752—-82.

Lane J, Heus P, Mulcahy T. 2008. Data access in a cyber
world: Making use of cyberinfrastructure. Transactions
on Data Privacy 1:2-16.

Link AN, Siegel DS. 2007. Innovation, Entrepreneurship, and
Technological Change. Oxford: Oxford University Press.

Mandel M. 2008. Can America invent its way back? Busi-
ness Week. 11 September. http://www.businessweek.
com/magazine/content/08_38/b4100052741280.htm.
Accessed 28 September 2009.

McKinsey & Company. 2008. Survey on innovation met-
rics. The McKinsey Quarterly. October.

Moris F. 2009. R&D exports and imports: New data and
methodological issues. In: Reinsdorf M, Slaughter M,
editors. International Flows of Invisibles: Trade in Ser-
vices and Intangibles in the Era of Globalization. Studies
in Income and Wealth, vol. 69, National Bureau of Eco-
nomic Research. Chicago: University of Chicago Press.

Moris F, Jankowski J, Perolle P. 2008. Advancing measures
of innovation in the United States. Journal of Technology
Transfer 33(2):123-30.

National Research Council (NRC). 2003. Government-
Industry Partnerships for the Development of New Tech-
nologies. Washington, DC: National Academies Press.

National Research Council (NRC). 2005a. Measuring
Research and Development Expenditures in the U.S.
Economy. Brown LD, Plewes TJ, Gerstein MA, editors.
Washington, DC: National Academies Press.

Chapter 4. Research and Development: National Trends and International Linkages

National Research Council (NRC). 2005b. Rising Above the
Gathering Storm: Energizing and Employing America
for a Brighter Economic Future. Washington, DC: Na-
tional Academies Press.

National Research Council (NRC). 2006. Improving Busi-
ness Statistics Through Interagency Data Sharing: Re-
port of a Workshop. Kuebler C, Mackie C, rapporteurs.
Washington, DC: National Academies Press.

National Research Council (NRC). 2007a. Innovation
Policies for the 21st Century: Report of a Sympo-
sium. Wessner, CW, editor. Washington, DC: National
Academies Press.

National Research Council (NRC). 2007b. Understand-
ing Business Dynamics: An Integrated Data System for
America’s Future. Haltiwanger J, Lynch LM, Mackie C,
editors. Washington, DC: National Academies Press.

National Research Council (NRC). 2008. An Assessment of
the SBIR Program. Wessner CW, editor. Washington,
DC: National Academies Press.

National Research Council (NRC). 2009. Understanding
Research, Science and Technology Parks: Global Best
Practices. Wessner CW, editor. Washington, DC: Na-
tional Academies Press. http://sites.nationalacademies.
org/pga/step/index.htm. Accessed 28 September 2009.

National Science Board (NSB). 2008. Research and develop-
ment: National trends and international linkages. Science
and Engineering Indicators 2008. NSB 08-01. Arling-
ton, VA: National Science Foundation. http://www.nsf.
gov/statistics/seind08/. Accessed 28 September 2009.

National Science Foundation, Division of Science Resources
Statistics (NSF/SRS). 2004. U.S.-China R&D linkages:
Direct investment and industrial alliances in the 1990s.
NSF04-306. Arlington, VA http://www.nsf.gov/statistics/
infbrief/nsf04306/. Accessed 28 September 2009.

National Science Foundation, Division of Science Resources
Statistics (NSF/SRS). 2006. Definitions of research and
development: An annotated compilation of official sourc-
es. Arlington, VA. http://www.nsf.gov/statistics/randdef/.
Accessed 28 September 2009.

National Science Foundation, Division of Science Resourc-
es Statistics (NSF/SRS). 2007a. Advancing measures
of innovation knowledge flows, business metrics, and
measurement strategies: NSF Workshop Report. NSF
07-306. Arlington, VA. http://www.nsf.gov/statistics/
workshop/innovation06/. Accessed 28 September 2009.

National Science Foundation, Division of Science Resources
Statistics (NSF/SRS). 2007b. Linking multinational cor-
porations data from international investment surveys
and industrial R&D surveys. NSF InfoBrief 07-310.
Arlington, VA.

National Science Foundation, Division of Science Resources
Statistics (NSF/SRS). 2008a. New NSF survey finds six
states account for nearly half of state agencies’ R&D ex-
penditures. NSF InfoBrief 08-309. Arlington, VA. http://
www.nsf.gov/statistics/infbrief/nsf08309/. Accessed 28
September 2009.



Science and Engineering Indicators 2010

National Science Foundation, Division of Science Resources
Statistics (NSF/SRS). 2008b. NSF announces new U.S.
business R&D and innovation survey. NSF InfoBrief
09-304. Arlington, VA. http://www.nsf.gov/statistics/
infbrief/nsf09304. Accessed 16 June 2009.

National Science Foundation, Division of Science Resources
Statistics (NSF/SRS). 2009. U.S. industrial R&D expen-
ditures increase in 2007; small companies performed 19%
of nation’s business R&D. NSF InfoBrief 09—316. Arling-
ton, VA. http://www.nsf.gov/statistics/infbrief/nsf09316.
Accessed 7 October 2009.

National Science Foundation/The Conference Board (NSF/
TCB). 2008. Workshop on developing a new research
data infrastructure for the study of organizations and in-
novation: Workshop report. Corrado C. The Conference
Board; November; New York. http://www.conference-
board.org/events/nsf/. Accessed 28 September 2009

Niosi J. 1999. The internationalization of industrial R&D:
From technology transfer to the learning organization.
Research Policy 28:107-17.

Office of Science and Technology Policy (OSTP), Executive
Office of the President. 2009. A renewed commitment to
science and technology: Federal R&D, technology, and
STEM education in the FY 2010 budget. http://www.
ostp.gov/galleries/budget/FY2010RD.pdf. Accessed 20
May 2009.

Organisation for Economic Co-operation and Development
(OECD). 2002. Proposed Standard Practice for Surveys
on Research and Experimental Development (Frascati
Manual). Paris.

Organisation for Economic Co-operation and Development
(OECD). 2003. Tax incentives for research and develop-
ment: Trends and issues. Paris.

Organisation for Economic Co-operation and Develop-
ment (OECD). 2007. The Internationalisation of Busi-
ness R&D: Evidence, Impacts, and Implications. DSTI1/
STP(2007)28. Paris.

Organisation for Economic Co-operation and Development
(OECD). 2008a. Globalisation and Open Innovation.
DSTI/STP(2008)11. Paris.

Organisation for Economic Co-operation and Development
(OECD). 2008b. Globalisation in Services: From Mea-
surement to Analysis. STD/DOC(2008)3/REV 1. Paris.

Organisation for Economic Co-operation and Development
(OECD). 2008c. Innovation Indicators. Working Party of
National Experts on Science and Technology Indicators.
DSTI/EAS/STP/NESTI(2008)14. Paris.

Organisation for Economic Co-operation and Development
(OECD). 2008d. OECD Reviews of Innovation Policy—
China. Paris.

Organisation for Economic Co-operation and Development
(OECD)/Eurostat. 2005. Oslo Manual. Paris.

Organisation for Economic Co-operation and Development
(OECD). 2009a. OECD Innovation Microdata Project.
http://www.oecd.org/document/2/0,3343,en_2649_

¢ 4-65

34451_40132674_1_1_1_37417,00.html. Accessed 28
September 2009.

Organisation for Economic Co-operation and Develop-
ment (OECD). 2009b. OECD Innovation Strategy. http://
www.oecd.org/innovation/strategy. Accessed 28 Sep-
tember 2009.

Organisation for Economic Co-operation and Development
(OECD). 2009c¢. Research and Development Expenditure
in Industry Analytical Business Enterprise Research and
Development (ANBERD). 2009 edition. Paris.

Ozman M. 2009. Inter-firm networks and innovation: A sur-
vey of literature. Economics of Innovation and New Tech-
nology 18(1):39-67.

Pharmaceutical Research and Manufacturers of America
(PhRMA). 2008a. New drug approvals in 2007: Phar-
maceutical companies receive approval for 26 new treat-
ments in 2007. http://www.phrma.org/media/NDA2007.
pdf. Accessed 28 September 2009.

Pharmaceutical Research and Manufacturers of America
(PhRMA). 2008b. Pharmaceutical Industry Profile 2008.
Washington, DC. http://www.phrma.org/files/2008%20
Profile.pdf. Accessed 28 September 2009.

President’s Council of Advisors on Science and Technol-
ogy (PCAST), Executive Office of the President. 2008.
University-private sector research partnerships in the in-
novation ecosystem. Washington, DC. http://www.ostp.
gov/galleries/PCAST/past_research_partnership_report_
BOOK.pdf. Accessed 20 May 2009.

Reinsdorf M, Slaughter M. 2009. Introduction. In: Reins-
dorf M, Slaughter M, editors. International Flows of In-
visibles: Trade in Services and Intangibles in the Era of
Globalization. Studies in Income and Wealth, vol. 69,
National Bureau of Economic Research. Chicago: Uni-
versity of Chicago Press.

Robbins CA, Moylan CE. 2007. Research and development
satellite account update: Estimates for 1959-2004 and
new estimates for industry, regional, and international ac-
counts. Survey of Current Business 87(October):49-92.
http://www.bea.gov/national/rd.htm. Accessed 28 Sep-
tember 2009.

Schacht W. 2008. Manufacturing Extension Partnership
Program: An Overview. Washington, DC: Congressional
Research Service.

Scott JT. 2008. The National Cooperative Research and Pro-
duction Act. In: Issues in Competition Law and Policy
2:1297-1317 (ABA section of Antitrust Law).

Sethi D, Guisinger SE, Phelan SE, Berg DM. 2003. Trends
in foreign direct investment flows: A theoretical and em-
pirical analysis. Journal of International Business Studies
34:315-26.

Shapira, P. 2001. U.S. manufacturing extension partner-
ships: Technology policy reinvented? Research Policy
30:977-992.

Shepherd C, Payson S. 1999. U.S. Corporate R&D. Wash-
ington, DC: National Science Foundation.



4-66 ¢

Siegel DS. 2003. Data requirements for assessing the pri-
vate and social returns to strategic research partnerships:
Analysis and recommendations. Technology Analysis &
Strategic Management 15(2):207-25.

Small Business Administration (SBA). 2005. STTR FY 2004
Annual Report. Washington, DC.

Small Business Administration (SBA), Office of Advo-
cacy. 2009. The Small Business Economy: A Report to
the President. 2008 ed. Washington, DC: U.S. Govern-
ment Printing Office. http://www.sba.gov/advo/research/
sb_econ2008.pdf. Accessed 28 September 2009.

Stuart TE, Sorenson O. 2003. Liquidity events and the geo-
graphic distribution of entrepreneurial activity. Adminis-
trative Science Quarterly 48(2, June):175-201.

Tassey G. 2007. Tax incentives for innovation: Time to
restructure the R&E tax credit. Journal of Technology
Transfer 32:605-15.

Thursby J, Thursby M. 2006. Here or There? A Survey on
the Factors in Multinational R&D Location. Washing-
ton, DC: National Academies Press.

United Kingdom Department for Innovation, Universities,
and Skills (UK DIUS). 2008. 2008 R&D Scoreboard.
http://www.innovation.gov.uk/rd_scoreboard/. Accessed
28 September 2009.

United Nations Statistical Commission (UNSC). 2007.
Full set of consolidated recommendations—The

Chapter 4. Research and Development: National Trends and International Linkages

recommendations made by the Advisory Expert Group
for the Update of the System of National Accounts,
1993. Prepared by the Intersecretariat Working Group
on National Accounts, 27 February—2 March 2007.
http://unstats.un.org/unsd/snal993/sui.asp. Accessed 28
September 2009.

von Zedtwitz M. 2004. Editorial: Managing R&D in China.
R&D Management 34(4):341-3.

von Zedtwitz M, Gassmann O. 2002. Market versus tech-
nology drive in R&D internationalization: Four different
patterns of managing research and development. Re-
search Policy 31:569-88.

Ward M. 1985. Purchasing Power Parities and Real Expen-
ditures in the OECD. Paris: OECD.

Wilson DJ. Forthcoming. Beggar thy neighbor? The in-state,
out-of-state, and aggregate effects of R&D tax credits.
Federal Reserve Bank of San Francisco Working Paper.
Forthcoming in Review of Economics and Statistics.

Wu Y. 2004. The effects of state R&D tax credits in stimu-
lating private R&D expenditure: A cross-state empirical
analysis. Journal of Policy Analysis and Management
24(4):785-802.

Yorgason DR. 2007. Treatment of international research and
development as investment: Issues and estimates. BEA/
NSF R&D Satellite Account Background Paper. Wash-
ington, DC: Bureau of Economic Analysis.



	Chapter 4. Research and Development: National Trends and International Linkages
	Highlights
	Introduction
	Trends in National R&D Performance
	Location of R&D Performance
	Business R&D
	Federal R&D
	International R&D Comparisons
	R&D by Multinational Companies
	Technology and Innovation Linkages
	Conclusion
	Notes
	Glossary
	References
	List of Sidebars
	List of Tables
	List of Figures


